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Chapter I 

THE MYSTERY OF TIME 
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THE IVIYSTER 



The measure rrient: of time is a p>uzzle. We 
may thinh of it as a way of deserihing the 
interval hetxveexa ""^b>efore” and after’"'. In 
order to describe the measure of this 
interval- man invented eloclcs- Eor ex- 
amp>le, 'wixen there xvere no clocks no one 
could describe when the sun rose and set; 
hoxv the moon moved among the staxs; and 
why season followed season. There were 
no calendars or clocks to measure days, 
weeks, ijionths, years and hours. 

"W^hen does time; begin, w^hen does it 
end? Could you imagine your w'orld if time 
could not be measured? In what situations 
is time important to you? ffow accurate 
are you in judging time? Hoxv could the 
duration of the event in Figure 1—2 be 
described? 







Slight now'^ without looking up, write 
dow^n what time of day it is. Check your 
estimate. How' close w^ere you? Is this 

accurate enough for you to ‘^'keep on time?” 
Could you judge a race or time an experi- 
ment by estimating duration? Compare 
your ability to tell the measure of time 
w^ith that of your friends. 

Try timing some events w^ith an ordinary 
clock. How long does it take you. to walk 
the length of your room or to go to school? 
Make a record of several trials. Have 
someone else measure the time and 

compare your results, !Make some other 
measures of tinxe such as the intexrval be- 
tw^een a lightning flash and the sound of 
thunder, or the length of time that bJA.S>V’*s 
Echo satellite is visible to you, CFi^tire 1-3). 
Today we tend to take time for granted. 
Ivlost of us may never really have thought 



You can usually judge the length of an 
inch with reasonable accuracy. But one 
hour of time may seem much longer than 
another. Have you heard the saying, ‘"‘There 
is nothing more plentiful than time?” 
Certainly this is true when you are waiting 
eagerly for something pleasant to happen. 
But when you are enjoying yourself at a 
party, you would be more likely to agree 
with another proverb, “Time flies.” 

So we need a way of measuring time 
that is the same for play-time, work-time 
of just plain “waiting” time. Write what 
you know to be our basic methods of time 
measurement. Did you include stop 
watches, rotation of Earth, the atomic 
clock, and star transits? 

,Early measurement methods were in- 
exact, As our lives become more complex, 
we need to measure time more accurately. 
But an exact measure is still one of the 
most perplexing problems of our space age 
and the search for an exact standard of time 
measurement continues. 

Early Americans recorded the duration 
of time in such units as moons and winters. 
Is it possible to imagine a NASA/Goddard 
Space Flight Center scientist saying an OGO 
(Orbiting Geophysical Observatory) satel- 
lite has been in orbit for “five moons?’’ 
Obviously, the units of moons and wintejs 
are not very useful today. However, they do 
raise a question common to all units of 
measurement — where does the measure be- 
gin and where does it end? Whatever unit 
of measure we use should give the measure 
of time meaning. It needs to help us to 
understand the duration between “before” 
and “after.” 

Early man, like today’s space scientists, 
needed to know enough about the passage 
of time to make predictions so that he could 
give order to his life. Copy and complete 
Figure 1-4 to list ways early man used time 
for predictibri. Make a similar list for 
modern man. You can see that we now 
need a niore accurate measurement of time 
than in the past. 

Beginning about 4000 B.C. the civiliza- 
tions of Babylonia and Egypt flourished 
in the yalleys of the Tigris, Euphrates, and 
Nile Rivers. Did you know that these 
nations are credited with the invention of 
calendars as well as the sciences of astron- 
omy and mathematics? 



SOME APPLICATIONS C 
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DF TIME PREDICTIONS 
MODERN MAN 


crop planting 
flock movemorit 
the first frost 
river floods 

food animal migrations 


solar flares 
launch windows 
satellite orbits 



























Figure 1-4 



Read the history of Central America 
and find another people who made very 
accurate predictions by using unusual meth- 
ods (Fig. 1-5). 

To the Babylonians we credit those 
parts of our measuring system based on 
their mystic number twelve. Perhaps this 
was because astronomers observed that 
there seemed to be twelve full moons in 
the course of a year. Can you list those 
parts of our present measurement systems 
which involve twelve as a factor? For 
example, the Babylonian circle had 360 
degrees 02 x 30). There are 24 hours in a 
day (12 x 2), 60 minutes in an hour (12 x 
5), 360 days in a year (12 X 30). 

As one of the first observations made by 
man was that the seasons reoccured after a 
period of about twelve moons, the measure 
of a year was considered to be about 
twelve moons. Each moon was named 
in relationship to some event in the life 
of plants and animals or some sacred 
observance. Each month began at sundown 
of the day when the new crescent moon 
was seen in the sky. 
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a result^ Ixxnar calendars CFigure I-6>, needed 
an extra month every few years in order to 
match the seasons and make time predic- 
tions more exact. 

Certain Innar measured calendars have 
been retained for use today. The calendar 
used in some sections of India, the Hebrew 
religious calendar, and the Christian methcyi 
for fixing the date of Easter employ the 
phases of the moon as a means of nreasuring 
time. Probably no one in all Babylonia, 
Egypt, Greece or Rome had ever thought of 
a clock, yet these people could measure 
the passage of time, appropriate to the needs 
of their culture . 




IS 



When man first tried to tell time by 
observing the movement of our planet. 
Earth, it was as difficult as it would be 
for you to tell time from a clock which had 
neither hands nor face. X>ost, forever in the 
years before history was written, are the 
works of the early men who watched the 
moving shadows cast by the sun, and used 
them to mark the passage of time, CFifitire 
I-7)» Let*s examine' how you can make 
measurements similar to those of the *^*lost** 
scientists- 

From sunrise to sunset, mark the end of 
a shadow cast by a utility pole, flag pole, 
fence post or other vertical, staff- Record 
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Figure /-7 



the length for eveiy hour as in 1-8. 

What means can^you devise to accurate^: 

detenriine toe erid^^ measure 

the time mtervals; and mar^ 
lengths? WhaliClcinds of ^ t graphs, 

scale drawings^ etoj^ cito 
keep atiecorci of youf re^^ - \ - ^ 

; You cari^^J m can 

be deteimmed and how 

the tto of Bath’s a^^^ sunlight to 

strike Earth at to angles.^^ 

rrie thods developed for Figure 1-8, record 
shadows cast over a, long period of tiine. 
If possible, m the shadb>^s positi^ 
directly on the surface of the playground, 
your driveway or other permanent location. 
If not, record them on a large piece of ch^ 
paper or wrappmg paper. note toe 

exact location of the pole’s shadows at to 
same time each day ^d record the length 



and position of the shadow at various times 
during the day. Keep a record for the school 
year then you can compare the positions 
and lengths of the shadows at the beginning 
of the school year, during the winter, dur- 
ing the spring and at the end of the school 
year. 

To help you understand the different 
shadow lengths, conduct the following 
investigation. ^ Place an unshaded lamp, to 
serve as a suft, in the center of a darkened 
room. Attach a small stick or a figure 
made of pipe cleaners to a world globe. 
Place the globe about 2 or 3 meters from 
the “sun” so that its axis is tilted 23% 
degrees toward the “sun.” Measure the 
shadow cast by the stick. Move the globe 
to the other side of the unshaded bulb, 
placing it exactly the same distance from 
the lamp as it was before. Do not change 
the tilt of the axis. It will now tilt away 
from the “sun.” Measure the shadow’s 
length. Was the shadow longer when the 
axis was tilted toward or away from the 
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sun? You can see that the actual shadow 
length will vary according to the object 
you placed on the globe. Remember the 




Figure J-IO 



place on Earth which is receiving the most 
direct rays will have the shortest shadows. 
What would you hypothesize if you moved 
the globe (tilted the same amount and in 
the same direction) to other positions 
equidistant from the sun? 







You also know from daily observations 
that the number of hours of daylight varies 
throughout the year. Figure 1-9 illustrates 
how the hours of daylight and darkness 
vary at the NASA/Goddard Space Flight 
Center, Greenbelt, Maryland, U.S. A. 

If we recognize that the changes in your 
shadows and the apparent position of the 
sun are due to the motion of Earth in space, 
we must notice that there are two distinct 
major motions. The first you have just 
investigated: the movement of Earth in its 
orbit around the sun, revolution. The 
second motion, of course, is the rotation 
of Earth on its axis (Figure I- 1 0). 

Earth makes a complete rotation on its 
axis in about 23 hours and 56 minutes. We 
call this a sidereal or star day. Our solar 
day, however, is a few minutes longer than 
this because as Earth rotates it continues to 
revolve around the sun, (Figure I- 1 1). Due 
to variations in orbital speed our solar day 





Figure I-ll 

varies from 23 hours 59 minutes to a little 
over twenty four hours. 

If we seek to dettermine how far the sun 
will appear to move m the sky in one hour, 
we calculate that if Eanh rotates a complete 
circle of SeO"" in twenty four hours, the 
number of angular degrees for each hour of 
rotation equals 360/24 or 15^ per^hour. The 
sun then will appear to move 15 per hour. 

If we select the point where the sun is 
shining directly on Earth as solar noon, we 
can tell the time at various points around 
the globe by moving 15^ In either direction 
(Figure I" 12). 




Figure I- 12 

These hour lines are the meridians. The 

Prime Meridian which passes through Green- 
wich, England, selves as a starting point for 
measurement east and west around the 
globe. (Figure 1-13.) 

To summarize. Earth rotates from west 
to east- Therefore, the sun’s apparent 
path is from east to west and your shadow 
records move frorn west to east. The sun’s 
apparent motion across the sky can be used 
to measure time. 







Figure I-l3 




Figure I~ 14 



Kior to 2000 B.C-= the first known 
shadow clock (Figure I'M) was built. This 
gave a measure to parts of the day. 

A stick was j oined to . a lonSs narrow 
piece of wood to form a (figure Id). 
The piece of wood had markings which 
represented hours of the day . This took 

up a lot of space and was later replaced 

by the sundial which ^as both naore con- 
venient and more accurate^ _ . 

Based on observations that the length 
of the shadow changed with the seasons, 
the sundial was developed to permit allow- 
ances for position on Barth and the seasons 
of the year. You have seerx how your 
ovm shadow charts conld be vised to tell 
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time. But a major difficulty would be to 
make charts that would be correct regard- 
less of the season or your position on Earth. 

You can build a measurement instrument 
that will record local, sun time corrected 
for position and season. Your sundial will 
have four parts (Figure 1-16). The shadow 
stick or gnomon (pronounced no’man), the 
equatorial ring on which to read gnomon 
shadows, the equatorial ring support, £md 
the base are the four parts of the sundial. 
Use stiff cardboard or flexible metal for 
construction of the gnomon, the equatorial 
ring, and support. If cardboard is used, a 
weather-resistant spray will ma»ke your 
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sundial more permanent. The base is made 
of wood. 

Note, when constructing the gnomon, 
the angle d (called “theta”) should be 
equal to your local latitude. Your local 
latitude may be determined from a map. 
Measure this angle carefully with a pro- 
tractor, In Figure 1-16, the distance AB is 
given for a latitude of 40°. If your latitude 
is less than 40°, angle 6 will be ^ than 
40°, If your latitude is greater Uiu.i 
angle 6 will be greater than 40°, 

After making the parts according tx>tthe 
dimensions in Figure 1-16, bend the ^ua- 
torial ring into a circle with the maiirangs 
on the inside, and fasten the two inch 
lap with glue. Slide the gnomon into ine 
notch of the wooden base and insert Ihf 
equatorial ring support into the gnomvDn« 
After the equatorial ring slits are hookied 
on the supports, your sundial should fook 
like Figure 1-17. 

In use, your sundial should be on a lew ' 
surface with the gnomon pointing 
North, North may be determined at ni^t 
from the position of the North Sto, 
Polaris, or in the daytime by using a 
compass. On sunny days, the time is read 
from the position of the leading edge of the 
gnomon shadow on the equatorial ring 
scale. This will be your local solar time. 

Civilizations using sundials sought to 
overcome difficulties such as cloudy days 
and darkness by the use of devices that did 
not depend on Earth’s rotation. Two such 
devices were water clocks and hour glasses. 
Both inventions were based on the principle 
of rate of fiowl 




Figure FI 8 



About 800 or 900 B.C. the water clock, 
a clepsydra (klep' se-dre), was developed. 
It was a bowl with a small hole in the 
bottom- When the bowl was‘ filled, the 
water dripped out slowly. By marking the 
inside of the bowl with lines, time was 
measured as the water level became lower. 

The trouble with the clepsydra (which 
means water thief) was that someone had 
to fill the bowl as soon as the water ran 
out. Then too, the rate of water flow 
changed as the reservoir emptied and, of 
couEzrse, a frozen water clack was not a good 
mec^uring device! 

Ais the art of glass blowing, progressed 
duriiiig the 8th Centuiw A,D'., the samd 
glass or hour glass was invented. Using 
sand! instead of water, t3ie grains emptied 
out of one glass vessel through a hole into 
anG3liher glass vessel of the same size. The 
sairS glass proved best for measuring short 
per^cds of time. A three-minute glass, for 
instamce, may be used in your home to 
tim^ boiling eggs or telephone calls. But 
you would need many many sand glasses 
to measure a whole day in hours, minutes, 
and seconds. And someone would have to 
be there to turn the glass over when the 
top vessel is empty. 




Figure F19 



Throughout the evolution of better 
time keeping, more accurate mechanical 
devices have been sought. All mechanical 
clocks have several things in common: 
hands, dials, bells or other ways to mark 
the. passing of time; the escapement or 
regulation devices; and a source of power. 
We often think of the pendulum in this 
connection. 




Figure 1-20 



When he was only nineteen, Galileo is 
reported to have used his pulse as a means 
to measure time for the comparison of the 
swing times of a pendulum. A mpre de- 
tedledl- account of Galileo! s experiment is 
giveh^iin ah other book in this series. From 
Here^ Where? pp. 82 ftV: 

You can compare Galileo’s measure- 
ments with experimental results of your 
owh by constructing a simple pendulum. 

Tie a smaU; ^w of lead ■ 

sinker, ^:to a string about 1 0 to 1 5 inches 
long and let if hang down as you hold the 
other end of the string. Now pull the 
weight, a pendulum bob, to one side and 
release it (Figure 1-2 1 ). It will begin 

swinging back and forth. 

Cut the string in half and repeat your 
observations. What change do you observe 
in the period of time measured for a com- 
plete swing? The period^ wM be shorter. 
The length of the string (L) arid the period 
of the swing (T) are related. As the length 
of the string is changed the period of swing 



varies. A simple relationship of L to T is as 

follows: / 

Li _ yLi 

u yu 

Your experimental results should be 
very clc. . to this relationship. They would 
be exact, except that the usual experimental 
errors in timing swings, measuring length, 
and det rmining the end of the swing will 
incur differences. 

To ch :^ck your observations, make a 
table of your results like Figure 1-22. 
Notice that you have two variables in tJtie 
constructScn. of your pendulum; the length 
of the pendulum, and the weight of the 
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Figure 1-22 
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bob. As you use your pendulum, another 
variable is the size of the arc used to start 
the pendulum swin^ng. We are interested 
in measuring the time necessary for one 
complete swing of the pendulum. 

Time ^five successive swings for the 
j^"ndulum lengths as in Figure 1-23. Meas- 
ure length fr om the pivot point to the 
center of the' bob. Use a com'plete swing 
cycle (back and forth) of the bob as the 
period. You will fmd that a support for 
your pendulum, such as a thumbtack over 
a doorway or a ladder, will help your in- 
vestigation. From your measurement of 
five periods, find the average for one 
period. For example, if you obtained five 
complete swings in twelve seconds, the 
average period for one swing would be 
12/5 = 2.4 seconds. 

At the top of the arc, gravitational 
force directs the pendulum bob toward 
the center of Earth. The string acts as a 
control on the direction of fall. Inerta, 
according to Newton*s first law of motion, 
carries the bob to the top of the other side 
of the arc (Figure 1-23). There 
reaches the point where Earth’s gra^tational 
forces are ^ater than inertial forces and 
the bob swings back. 

If no other forces acted on the pen- 
dulum, we would have perpetual motion. 
However, friction at'the pivot ^d friction 
between the moving pen dulum parts and 
air molecules result in the pendulum grad- 
ually slowing to a stop. 



Figure 1-24 illustrates how these princi- 
ples are applied to a mechanical clock. 
The pendulum regulates the motion and 
the hanging weight provides the energy to 
overcome the action of frictional forces. 
You may see a similar arrangement 
some ‘‘cuckoo” clocks. One of the cuckoo 
weights is for the pendulum mechanism, 
the other is to operate the cuckoo. 

Figure 1-23 shows how gravitationaJ 
forces cause the downward movement of 
the bob and inertial movement forces it 
to the end of its arc. You know that the 
force of gravity depends on many factors; 
altitude, the shape and density of Earth, 
and Earth’s rotation. As a consequence, a 
pendulum clock moved from one location 
to another on Earth or in space would not 
keep the same time. Therefore, most clock 
pendulums have a screw adjustment to 
correct for local variations. 

The movement of our Earth on its axis 
in space also has another effect on the 
motion of pendulums. The French phys- 
icist Jean Bernard Leon Foucault used 
this motion, to demonstrate that Earth 
rotates on its axis. 

Foucault suspended a very long pendu- 
lum fro m the ceiling of a luj^ rpom and 
set the pendulum in motion. After observ- 
ing the pendulum for many hours, he 
discovered that the pendulum was not 
swinging in the geographical direction 
as it was when it started. That is, if his 
pendulum was swinging back and forth 
toward one wall of the room, it gradually 
would appear to change its direction toward 
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the next wall and so on until the pendulum 
appeared to be swin^g back in the direc- 
tion of its starting point. 

By doing the following project you can 
examine Foucault’s reasoning that Earth 
and the observer are moving in relation to 
the direction of swing of the pendulum. _ 

You will need; a rotating mechanism 
(phonograph turntable, piano stool or lazy 
Susan; support, such as woo_d_ dowel; heavy 
weight, such as a lead sinker; string; square 
wastebasket, ring stand or other support; 
and clamps (Figure 1-25). 

Tie the weight to one end of a string 
about 60 centimeters long. Attach the other 
end to a 1 Vi foot piece of dowel or broom 
handle about 30 centiineters long. Place 
the dowel across the top of a wastebasket, 
ring stand or other support, allowing the 
weight to swing freely; Place the support 
on top of the lazy Susan or piano stool. 
Set the pendulum in motion and then ro- 
tate the lazy Susan or piano stool very 
slowly. 

See if the swing direction changes with 
respect to the platform. As Earth moyes 
under the pendulum, the pendulum appears 
to change the direction of its swing. A 
swinging pendulum at the North Pole 
would appear to make a complete turn, 
360° , in 24 hours. As you move toward 
the, Equator, the effect becomes less pro- 
nounced and a longer and longer period is 
necessary to make a 360° change. At a 
point exactly perpendicular to the axis of 



Earth, the Equator, ti woTUjid be no 
apparent change in dire^. non since at this 
point Earth is no longe" “turniiiiig under” 
the penduium. 

What’s up There?, a .iciiher book in this 
series will provide- yov "'with some useful 
inlor,. nation on appIicaTs ‘ons of pendulum 
principles in satefflite inViruments. Read 
particularly the seclaon o n usiing three pen- 
duluna accelerometers tc> provide measure- 
ment of satellite po^tiori, . pp. 61-67. 

How would yoxa descssibe the distan^ 
between two cities? WaS£ your answer in 
units of miles or hours? If your response 
was in hours, you woslid be msing the 
language of astroniomers. Astronomers use 
the term light-year to inoacate (the distance 
to nearby stars. A Ught-ytear is the distance 
light would travel in one y.-ear at a rate of 
about 300,000 kilometeri;v pter second. 

Our closest star after r,*he sun is Proxima 
Centauri. Proxima Centauni Is about 4.3 
light years away, or the yame distance that 
light will travel in 4.3 y* ’-ras at the rate of 
300,000 kilometers per second. How far 
away is Proxima Centauri in kilometers? To 
find out, first calculate how far light 
travels in one year. To make this calcula- 
tion, you will need to multiply 300,000 
by the number of seconds in one min- 
ute (60), the number off minutes in _ one 
hour (60), the number of hours in a 
day (24), the number of days in a year 
(365%), = (300,000) X (60) (60) (24) 
(365%), = (300,000) X (31,557,600) = 
9,461,280,000,000 = 9.46728 x 10^^ kil- 
ometers. 

A generally used value for the li^t 
year is 9.46 x 1 0^ ? kilometers (read as 
nine and forty six hundredths times ten to 
the twelfth power kilometers). Therefore, 
the distance to Proxima Centauri would be 
4.3 X 9.46 (10* ^) = 40.678 X 10* ^ . In 
scientific notation, it is 40.67 (1 O' ^), and 
would be read as “forty and sixty seven 
hundredthstirhes ten to the twelfth power.” 

H you do hot understand scientific no- 
tation, copy and complete Figure 1-26. 
Then read pp. 4-5 and p. 80 in What’s 'jf- 
There, the first book of this series. 

in our space age, time is an important 
factor to us. When do you launch a space 
vehicle so that it will get where you want it 
to go, and arrive when you. wanted it to 
get there? For example, suppose you 
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planned to have your rocket rendezvous in 
space with another spacecraft. Since a 
rocket carries only a limited amount of 
fuel and spends most of its time coasting in 
space, you would have to leave Earth at 
just the right time to arrive in position 
along side the vehicle with which you wish to 
rendezvous. There would be no use arriving 
in orbit on one side of Earth when the 
rendezvous vehicle was on the other side. 

Let’s suppose you wish to rendezvous 
over a particular point in the Atlantic 
Ocean. Assume that an Agena target 
vehicle in orbit travels about 5 miles per 
second and that it takes about 90 minutes 
for Agena to orbit Earth. You can see that 
if you wish to meet the Agena in orbit at 
one point over Earth’s surface, you will 
have that opportunity once every 90 
minutes. In addition, if you do not want 
to miss Agena by more than 5 miles, your 
take-off will have to be accurate within one 
second. Every 90 minutes there will be a 
one second interval during which you must 
launch to accomplish your rendezvous as 
planned. That one second time interval is 
cdlied Si launch window. 

Figure 1-27 shows events which are. pos- 
sible during different pejuods of time. One 
of the shortest periods we know is the 
length of time it takes a protpn to revolve 
once in the nucleus of an atom. The 
largest period of time we know about is 

our estimate of the age of the univers 

As man has passed through tune for 
many, many years on his journey y to 
civilization, he has learned that he lives 
in a world of many rhythms. He found 
rhythms hi^ in the sky, and buried deep in 
the rocks. He found rhythms in the heart 
of the atom, and out in the far reaches of 
Space. And, besides {those that he found 
in nature, he learned how to make many 
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more. By mastering these rhythms he de- 
veloped the art of measuring time. So now 
he can measure time, not only for seconds, 
days,;.and years — not only for centuries — 
but for billions of years on the one hand^ 
arid a billionth of a second on the other. 
But his mastery of rhythm means more 

than the measurement of time. It means 

an increasing understanding of nature. His 
knowledge of rh^^thms not only lights up 
the hidden, dark corners of the past, but it 
also helps him to plan for the future. 
Armed with knowledge of the rhythms of 
the universe, man continues to pass through 

time. r , 

In the next chapter we will see what 
has been done to standardize our time so 
that we all can "‘be on time.” 
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MEASURING THE UNKNOWN 



In order to describe the measure of outer 
space, we need to consider distance as it 
relates to time. We can experience, or 
“feel,” the measure of time and distance 
used in our day to day living. We cannot 
“feel” the measure of outer space. So we 
must use mathematical models to help us 
describe measures that are beyond our 
senses, our “feelings.” 

Let’s begin with some measurements we 
know and can feel. Then use these to de- 
velop ways to describe the measure of things 
we may never feel and distances which we 
may never travel. 

Everyday we are using measurements 
which we know by feeling. Some are the 
result of simple observations such as the 
height of a step as we approach a stairway, 
the time of day when we are hungry or 
sleepy, or the speed of an approaching car 
as we cross the street. Simple procedures 
for measuring distance are estimating by 
eye, ear, or by using a rule or tape measure. 
Obviously we cannot use these to measure 
the distance to an orbiting satellite or the 
speed of Earth as it orbits the sun. Today 
we have to describe very large and very 
small measures such as one angstrom 
(0.00000001 (10"®) centimeters), the time 
of one nanosecond (0.000000001 (lO”^) 
seconds), or the speed of light (186,000 
miles per second). 

Remember also that measurement 
simply supplies information to help a sci- 
entist — of you — to ariswer a question or 
to solve a problem. Measurement is subject 
to error. So we must develop precise 
instruments and use therri carefully. What 
appears to be a correct answer may turn 
out to be incorrect if more precise measur 
ing instruments ^d techniques are used 
to cohect the information, 

Now let’s attempt to make some measr 
urements which we c^ “feel” to help us to 
understand the more; precise instruments 
used by our space age scientists today. 

Take your pulse: Count the pulsations 
in a minute of time. What is your pulse 
rate in pulses per minute? Have sonic of 
your friends tEike their pulse counts. Do 
pulse counts vary? Some of the factors 
that effect pulse counts include activity, 
rest, age, and emotion. 



Most people have a pulse rate of about 
72 pulses per minute. We will use this as a 
sbmdard for this exercise. Is your own rate 
higher or lower than our selected standard? 
if 72 pulses occur in one minute, then the 
average numbver of standard pulses per 
second 1 ^ 12 ! 60 or 1.2 pulses in one secv?nd. 
Twenty seconds of clock time would be 
equal to 20 x 1.2, or 24 pulses of “heart 
time.” 

If we were to keep time in “standard 
heart time,” we could develop a scale as 
follows: 

Clock Time Heart Time 

1 second 1 .2 pulses 

1 minute 72.0 pulses 

In space science, however, we need a 
way to describe very long periods of time — 
and very short periods. Sometimes we are 
able to use smaller numbers by introducing 
larger units. For example, instead of saying 
365 days, we describe tWs period of time 
as one year. We also say one mile instead 
of 5,280 feet. It is more convenient to use 
the larger unit and the smaller number. 

If we introduce larger units into standard 
heart time, we may describe 1,000 pulses 
as 1 kilopulse. The word “kilo” comes to 
us from the Greek language and is trans- 
lated as “one thousand.” We may sub- 
stitute 1 rnegapulse for 1,000 kilopulses, 
“mega” from the Greek meaning great. 
Summarizing we may say; 

1,000 pulses =1 kilopulse 
l,000kilopulses= 1 megapulse 




Figure H-2 
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1 .0 second 


one second 


1.2 pulses 


1.2 pulses 


0.1 seconds 


one tenth 


0.12 pulses 


1.2 x 10"‘ pulses 
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one hundredth 


0.0 1 2 pulses 
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1 micropulse 
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0.000000001 seconds or 


one billionth 


0.00000000 1 2 pulses 


1 nanosecond 




or 1 .2 nanopulses 


1.2 X 10"^ ^ pulses 


0.000000000001 seconds 
or 1 picosecond 


one trillionth 


0.0000000000012 
pulses or 1 picopulse 



Table U- 1 



How m^y pulses ares in a megapulse? 
1 megapulse = 1 ,000 kilopulses 
1 megapulse ~ 1 000 X 1 000 pulses 

1 megapulse = 1 ,000,000 or i million pulses 
Now we can add these to our table. 

1 \hour^^^^^^^ 

4.32 “kilopulses” 



Converting our table to standard heart 
time, we have: 

0.001 pulses -- 1 millipulse 
= 10"^ pulses 

O.bOl millipulses =1 micropulse 
= 10"* pulses 

0.00 1 micropulses = 1 nanopulse 
= 10"® pulses 

0.001 nanopulses = 1 picopulse 
= 10"^ * pulses 



’ 1 day 103.68 “kilopulses” 

1 year 37,842 “megapulses” 

We could describe the five hour drive 
from New' York to Washington, D. C. in 
standard heart time, as taking 21,600 
pulses or 21 kilopulses, plus 600 pulses. 
Mjuiner IV’s trip to Mars took seven 
months. Seven months equals 3 mega- 
pulses, plus 1 kilopulse, plus 104 pulses of 
standard heart time. 

An exceptional high school sprinter can 
run the 100 yard dash in 9.8 seconds. 
From Table II- 1 we standardized 1 second 
as 1.2 pulses. So we are able to express 
this in “standard” heart time as 100 yards 
in 9.8 X 1.2, or 11.76 pulses. He is able to 
average 1 yard per 11.76/100, or 0.1 176 
pulses over the 100 yard distance. ^^ T 
Ranger IX’s pictures of the moon were 
recorded to die Thousand.th of a second 
(0.001 seconds). This would be equal to 
12 ten-thousandths of a pulse, or 0.0012 
of a pulse. ' ’ . . 



Our heart time is based on an imaginary 
standard heart, pulsating at a raite of 72 
pulses per minute. If we ’were to keep 
time in standard heart time, our stanciard 
heart would be placed in the National 
Bureau of Standards at Washirigtoh, D.C. 
It might be placed next to the standard 
meter and standard kilogram (Figure II-3). 




(WEIGHT) 

Figure II-3 



Prior to the invention of our familiar 
mechanical and electrical clocks, the pulse 
was used as one of man’s timing methods. 
You know how Galileo discovered the 
principle of the pendulum by timing the 
swing of a cathedral chandelier with his 




pulse beat. Huygens (Hi’gens) used Galileo’s 
discovery of the principle of the pendulum 
to regulate the first mechanical clock. 

Run in place for 15 seconds. Now take 
your pulse rate in pulses per minute. Com- 
pare this rate to your rate when you were 
‘atTest./- 

Pulse rate at rest ? 

Pulse rate after running ? 

Your heart speeds up and slows down. 
Our standard heart also would vary with 
changes in conditions such as pressure, 
oxygen supply, temperature, food supply, 
and activity. Consider, for example, what 
would happen to our methods of measuring 
if the foot became longer of shorter; or if 
the pound became heavier or lighter. Al- 
thou^: standard heart time is a ppssibility 
and was useful in the past, it is obvious that 
scientists have attempted to find other 
timekeepers which show less variation. The 
following exercises will help you understand 
another historical timekeeping method. 




The answers for the exercises in this 
Chapter will be found at the end of this 
Chapter. 




Figure II-5 

l.a. With a pin, punch a small hole in the 
bottom of a paper cup. Fill the cup 
with water. Place the cup over 
another cup, so that the water drips 
into the second cup. Suggestion: 
Make the hole large enough so that 
you have 50 to 80 drops per minute. 
Count the number of drops of water 
in one minute of time. Record the 
drops in a minute. Repeat, counting 
the number of drops in a minute. 
Repeat the procedure three more 
times. Record your results in a table 
like the one below: 

Test 1 drops in 1 minute 

Test 2 ?- -- drops in 1 minute 

Test 3 __2_ drops in 1 minute 
Test 4 _JL_ drops in 1 minute 
Test 5 ? drops in 1 minute 

Total ? - - drops in 5 minutes 

Table II-2 

Compute the average number of drops 
per minute. We will consider this number 
as the standard in Drop Time. 
b. Copy and complete the following 
using your standard drop time: 

Oock Time . Drop Time 

(1) 1 second _1_ drops 

(2) 1 minute _*?_ drops (standard) 

(3) 1 hour -2- drops or 

? kilodrops 

(4) 1 day ? kilodrops 

(5) 1 year ? kilodrops or 

^ megadrops 








Remember; 

1 ,000 drops = 1 kilodrop 

1 ,000 kilodrops ~ 1 megadrop 

Table II-3 

c. How many drops in a megadrop? 

2. A satellite orbits the earth in 90 minutes. 
How long is this in Drop Time? 

3. Mariner IV took 22 pictures of the 
planet Mars in 25 minutes. 

a. How long did it take Mariner IV to 
take 22 pictures in Drop Time? 

b. How long did it take in Drop Time to 
take 1 picture? 

4. What are some of the problems in keep- 
ing time with drops of water? 

The measures we use effect our under- 
standing of modem space science and tech- 
nology. The development of measurement 
and the instmments needed have grown as 
a matter of convenience. As the need 
arose for man to better understand the 
world and to make measurements of “non- 
ordinary” distances, as in the solar system, 
man produced more precise instruments to 
obtain rnibre accurate measurements. 

Long ago man was able: to describe 
distance by his arms’ width, a step or 
pace, or the width of his palm. When 
there was little communication, the length 
of the rheasuiing unit was of little conse- 
quence; a trip along a trapping line , one 
or two days; and winter, one or two months 
away. It would not make much difference. 

Wlien families groupe d into tribes, tribes 
into nations, and as nations came into con- 
tact with each other, communication of 
measures was needed. With the railroad, 
automobile, airplane, radio, telephone, tele- 
vision, and satellite networks, man has 
found that it was necessary to standardize 
his methods of measure. No longer could 
he pace off a distance, spread his arms, 
or measure the height of a wall with his 
hand; people of different sizes yielded 
various results. 

The method of defining these ancient 
units has disappeared from daily use and 
in their place have come other methods. 
As detailed earlier, man’s observatipps and 
ability to observe , have resulted in a sys- 
tem of units and standards used throughout 
the world. 




1 PACE 

Figure II-6 



Let us investigate the instruments and 
techniques used to deteirnine distance, 
scale, arid time. A few thousand years 
ago, man’s ability to measure- was de- 
termined by the precision of his eye. What 
he could see, he could estimate and there- 
fore measure. \ 





Fi^rellr? 



a. The Sun is brighter than the star, Polaris. 

b. The pyramid is taller than the tree. 



Early instruments were developed so 
that man could measure more accurately. 




Sextant Hour Glass Knotted Rope 

(ANGLE) (TIME) (DISTANCE) 



Figure JI-8 



He now could measure the mile to the 
yard, foot, inch, and fraction of an inch. 
Light could be measured in terms of the 
brightness of the sun, candle, or color. 
Time could be determined in units of the 
year, month, day, hour, minute, second, 
or fraction of a second. 

More precise instruments enabled sci- 
entists to make observations that had not 
been possible before. Ancient theories 
gave way as new ideas were supported by 
more accurate measurements. 

By 1600, scientists began to specialize 
and to consider themselves primarily as 
physicists, astronomers, biologists, chent- 
ists, and engineers. Each of the new sci- 
ences required special measurement tech- 
niques, and measurement became more 
accurate. 






He could more accurately determme the length of a year, the time of day, or the time 
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Old ideas and concepts gave way to the new theories brought about by these approaches. 



Ancient Theory 

Earth —Flat < 

Fixed 

Planets - Orbit the Earth 

Atmosphere — “4 ethers” 

Table 



Modem Theory 

Tt ound, pear shaped, 

Moving 

Orbit the Sun 

Oxygen, nitrogen, CO^ , O • • • 



In order to describe the measure of 
objects which cannot be seen or felt, 
today’s scientists do not always think in 
terms of the mile or the foot, the sun s 
bri^tness or the candle, the year or the 
second, but deal in fractions of units. 
Many scientists are concerned with distances 
such as of 0.00000001 centimeters (one 
angstrom), li^t irieasured in terms of 
0.0001 candles (one ten-thousandth of a 
candle) and time in terms of the n^o- 
secOiid (0.000000001 seconds), one bil- 
lionth of a second. 

Even with modern procedures, man’s 
ability to hieasure depends upon the_ pre- 
cision of his m^^ and his skill in 

reading or ihtefpretirig these ihstruirierits. 



Because instruments are subject to error, 
the scientist, as we do, must recognize the 
^its of his own ability . and of his measur- 
ing devices One of the primary concerns of 
the scientist is to reduce experimental error. 
Errors are reduced by better technique and 

more precise instruments. 

We will now see how scientists have re- 
fined their techiiiques and instruments in 
the measurement of time, distance, and 

senile 

Time measurement must have had its 
origin in the mind of man as he watched 
day follow night and the seasons pass. So, 
it is not surprising'’ that man finally chose 
the sun as the b^sis for measuring time. 
(Figure 11-13). 
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Figure 11-13 

From Apollo driving the sun acro^ the Our day begins at midnight and ends at 

sky, to the sun revolving around Earth, midnight. Figure II- 1 4 corapsnes Earth to 

and to firmly Earth revolving around the a giant 24 hour clock, 

sun, man has utilized the periodic mcstion Point A, Figure 14, roMlss around the 

of Earth as an almost perfect “standaitE” of center of Earth. C, and at tihe end of 24 
time. The basic units of tuiBe bescaine the hours it would "have compkasd one rota- 
day, the tenonth, and the year. tion, or a circle. Tor our purposes, we will 

We accept the fact that Emth rotstes on assume 360 degrees in a circle and noon . as 

its ajas once a day and Earth revolves our 0° and 24* hour point. The mathe- 

around the sun once^a year. But, what is matical symbol! for the woadl degree is ° 
a day. What is a year.. are able to relate hours df time to de- 

Iri Figure 11-13, Earth makes one rota- grees of a circle, just as we related heart 

tion from M to N to M every 24 hours. time to clock time as in Table II-l. For a 
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more detailed discussion of hours of time 
and degrees of a circle, reference is made to 
another book of this series, Shapes of 
Tomorrow, Chapter 3, pp- 6 1-64. 

Do nroit :confuse the terms minutes and 
seconds of arc with minutes and seconds of 

time. , 

When speaking of angles, we say degree 

of arc, or; 

1° (one degree) of arc = 60' 

(sixty minutes) of arc,.. _ 
r (one minute) of arc = 60" 

(sixty seconds) cf arc 

Notice the symbol for minutes of arc is ', 
and the symbol used for seconds of arc 
is 

Earth Time 

1 revolution = 

24 hours = 

1 hour = 

4 minutes = 

. 1 minute = 

4 seconds = 



of 0 houas, then 6 hours later at 6 P.M-, 
the sun is at an angle of 9-0° <or 6 houis.^ 

1 hoirr = 15°_ 6hiours= 90° 

At 12:QS) midnight, the swn is at an angle 
of 180° or 12 hours. At 6 A.M., the sun 
is at an angle of 270° or iiS Irouts. At L?. 
Noon, the sun is back at or O^hours. We 
have completed 24 hours ar 360°. 

rise the sun’s positam as seen from 
Earth a« a reference for ©nr time. There- 
fore, when we give our local time, we are 
actually speaking of the angle of the 
sun. Tnis term is used by ssironomers and 
space Lscientists to describe tinae. 

Consider Figure 11-16. Wjs axe looking 
down at Earth from above thee North Pole, 

Angle in degrees of arc 

Ixircle 
360degrees 
15 degrees of arc 
1 degree of arc 
15 minutes of arc 
1 minute of arc 



Table II~5 



Trace the protractor at the end of the 
chapter. Gut it out and use it to measure 
the an^es in Figure 11-15. . Record your 

answers. Compare your answers vdth those 
given. How accurately do you measure? 
What can you say about your instrument 
(the protractor)? 

We can actually speak of time in tenns of 
ah an^e. Figure II- 1 4. If we use the position 
of the sun at 12:00 noon as a starting point 



N. Points A, B, C, D, and E represent satel- 
lite tracking stations. The hour angle of 
the sun from position A is 0 hours. T her e- 
fore, the time is 12:00 Noon. Conipare the 
hour an^e of the sun from the other four 
points. What time is it at each position, 
when it is 12:00dSJoori at positio^^ 

Table II-6. 




SUN 




PositEOR 


Time 


Angle of the Sun 


Hour Angle 


A 


12:00 


0“ 0' 


0 hows 0 nunutes 


B 


2:16 PM 


34“ 0' 


2 hours 16 minutes 


C 


7:24 PM 


111“ 0' 


7 hours 24 minutes 


©» 


1:00 AM 


195“ 0' 


13 hours 0 minutes 


E 


10:30 AM 


337“ 30' 


22 hours 30 minutes 



Table II-6 



5,a. Turace aaid carefully cut out the card- 
boaEd earth. Figure 11-18. Center the 
esactia^ over the circle below in Figure 
Ih-19. Push a strai^t pin or small paper 
fanner through point N on the earth 
aaifli thnough the center of the circle as 
iia^cated, so that the earth freely ro- 
tates around the pin. Align the arrow 
marked New York, at 0 hours or 
L2:00 Noon. 

b. Whai time is it at New York? 12:00 
Noon. 

When is it 12:00 Noon at New York. 

( 1 ) What time is it in Greenwich? 

(2) What time is it in Moscow? 

(3) What time is it in Tokyo? 

(4) What time is it in Los Angeles? 

c. Rotate New York counter-clockwise 
90“ or 6 hours. 

(1) What time is it now in New York? 

(2) What is the hour angle of the sun 
from this position? 

With New York at this position, what 
time is it now at: 

(3) Greenwich, England 

(4) Moscow, Russia 

(5) Tokyo, Japan 

(6) Los Angeles, California 

d. (1) How many hours difference was 

represented by rotating New York 
0“to90°? 

As you rotated New York from 0“ to 
90“, how many hours did: 

(2) Greenwich, E.ngland rotate? 

(3) Moscow, Russia rotate? 

(4) Tokyo, Japan rotate? 

(5) Los Angeles, California rotate? 

e. Rotate New York in the same dhec- 
tipn, counter-clockwise, to 270“ or 

O ■ :''28 




18 hours. Make a table like the one 
below and record the time now at: 

Time Angle of the Sun 

New York — — 

Greenwich — 

Moscow — — _™ 

Tokyo — ^ — — 

Los Angeles _ — 

Table II-7 

Note to student: We have been concerned 
with only the hour angle- ot the sun, there- 
fore, local time. We have not taken up the 
change from one day to another, Monday 
to Tuesday, etc., or standard time. - 




Figure IJ-1 7 



As instruments improved and the ac- 
curac;/^ of measurements increased, man be- 
gan to doubt the simple motion of his 
planet. As we found the pUlse could not be 
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Figure 11-18 
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used as a standard for time, man found that 
Earth was no longer an acceptable time 
standard. 

Observations of the stars created the 
first doubt of Earth’s simple motion. The 
stars appear to move 1° farther to the west 
each ni^t. This is the same as saying a star 
rises four minutes earlier each night. Re- 
member from Table II-5, we are able to 
show that an angle of 1° is equal to four 
minutes of time. We are able to explain 
this observation by taking into account 
Earth’s revolution around the sun. 




When Earth is at position A, Figure II-20, 
the sun and a distant star are in a line as 
seen from M on Earth. Note that scale and 
angles are exaggerated for clarity. After 
one Earth rotation the star would appear 
to have returned to position M. However, 
Earth has moved to position B due to its 
revolution around the sun. The Earth must 
rotate about one degree or four minutes 
before the sun appears to return to position 
Mj- Therefore it takes 23 hours and 56 
minutes for Earth to complete a star day, 
sidereal day, QXid. 24 hours to complete a 
sun day, solar day. 

A sidereal day = 23 hours 56 minutes 

A solar day = 24 hours 

Another observation which cast doubt on 
Earth as an accurate timekeeper was that 
Earth’s revolution around the sun did not 
take 365 days but about 365Vi days. 
Every four years a day is gained. This does 
not seem to be very important, but over 
hundreds of years we would find that the 
seasons would be confused. Spring would 
begin in the summer, summer in the fall, 
fall in the winter and winter in the spring. 

Further it was finally discovered that 
Earth’s orbit around the sun was not 
circular but a nearly circular ellipse as in 
■■;.:Figure,n-21;':;':-;’'' 



The Earth does not move at a uniform 
speed as it revolves around the sun. At its 
closest approach to the sun, perihelion. 
Earth is at a distance of about 91 ,500,000 
miles from the sun. At its greatest distance 
from the sun, aphelion. Earth is about 
94,500,000 miles from the sun. 

Aphelion 94,500,000 miles 

Perihelion 91,500,000 miles 

Average distance 93,000,000 miles 

Table II-8 

The Earth is at perihelion in winter and 
at aphelion in summer. For purposes of 
illustration, Figure 11-21 was constructed 
with a greatly exaggerated elliptical orbit 
of Earth. One of the laws concerning 
planetary motion states that a planet will 
move faster in its orbit when it is closest 
to the sun and slower when it is farthest 
from the sun. As shown in Figure 11-21, 
again exaggerated, Earth moves from A to 
B in one day in January. It will move a 
smaller distance, C to D, in one day in July, 
As previously shown. Figure 11-20, the 
difference between the solar and sidereal 
day is due to the distance that Earth re- 
volves in its orbit. 

Although exaggerated, the distance 
traveled from A to B in January is greater 
than C to D in July. Due to this difference, 
the solar day is somewhat shorter in July 
and longer in January. If we were keeping 
time with a watch, we would find the 
sun would be about eight minutes be- 
hind the watch in spring and about eight 
minutes ahead of the watch in fall. Our 
watch time does not speed up in July or 
slow down in January. We keep time as 





an average, or we speak of the average or 
mean solar day as 24 hours. Our clocks 
and watches which run at a uniform rate 
during the year, actually keep average or 
mean time. 

Another reason that solar days are not 
uniform in length of time is due to the fact 
that the axis on which Earth rotates is not 
perpendicular to the plane of Earth’s orbit. 
This produces some interesting observa- 
tions in the sky. For the present it will be 
sufficient to say that this phenomenon 
alone would cause the sun to be ten 
minutes behind a watch in February and 
August and ten minutes ahead in May and 
November. 

By adding the effects of Earth’s orbit 
and the axis of Earth, we arrive at truly 
complicated observations as in Table H-9: 

Month Minutes 





February 1 5 minutes, watch behind the sun 

May 4 minutes, watch behind the sun 

July 6 minutes, watch behind the sun 

October 16 minutes, watch ahead of the sun 

Table II-9 



Apparent solar time was accurate enough 
for our ancestors. It is not nearly accurate 
enough for the aerospace age. With our 
precise instruments we have turned from 
Earth’s rotation, to a calculated average 
or mean time. 

Another early timekeeper was pur near- 
est neighbor in space, the Moon. ^ Man was 
able to estimate the time of night from 
the appearance of the moon and its posi- 
tion in the sky. More recently, scientists 
have investigated the moon not as a time- 
keeper, but as a landing place for Man’s 
first venture into outer space. 

As you know, the moon orbits Earth at 
an average distance of about 240,000 
miles. 

As illustrated in Figure 11-22, the moon 
passes from position 1 , to 2, to 3, to 4, and 
returns to position 1 as it orbits Earth. One 
lunar orbit takes about 30 days. Notice 
the orbit of the moon is approximated as a 
circle. Remember a circle has 560°. If 
the moon completes one orbit or 360° in 
30 days, then it movesT 2° in one day! 



FULL MOON 
Figure IF22 

360° . 

= 12 m one day 

30 days 

If the moon is at position 1 , Figure 11-22, 
seven and one-half days later it would be at 
position 2. The moon would have moved 
7% days at 12° per day or 90° in 7^/4 days. 
From position 2 it would move to position 
3, and it would be 90° from position 2, or 
180° from position 1. At position 3, the 
moon would have orbited 270° in 22% 
days. Returning to position 1, the moon 
has completed a 360° orbit in 30 days. 
Each day the moon would appear to have 
moved 12° in the sky. 

Look again at Figure 11-22. When the 
moon is at position 1 , the moon is between 
the sun and Earth. As the moon passes be- 
tween the sun and Earth, one of three 
things occurs as shown in Figure 11-23. 

Tlirou^out the year, as the moon orbits 
Earth (Figure 11-23) it can appear to pass 
above the sun, a; below the sun, c; or di- 
rectly between the sun and Earth, b. Posi- 
tions a and c occur most frequently. 
Position b infrequently occurs. What do 
we call the phenomena when the moon 
passes directly across the disc or face of 
the sun as in position b? In any event, 
position a, b, and c, in Fij^re 11-23 could 



EMC 















NEW MOON 




Figure 11-23 



represent the moon at position 1 in Figure 
11-22. Therefore once each month the moon 
does appear to pass “between” the sun and 
Earth. Why don’t we notice this when it 
occurs? We only “see” it occur when the 
moon is at position b (Figure II-23). 

Again refer to Figure 11-22. If we are 
looking from Earth at the moon, position 
1, we are looking directly into the sun. 
Can you see any object in the sky in the 
daytime except for the sun? 
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Figure 11-25 



When the moon, sun and Earth are in 
position as illustrated by Figure 11-24, the 
lighted side of the moon is the side toward 
the sun. Besides being in the daytime sky, 
we are looking at the dark side of the 
moon. Can we see the_mopn as illustrated 
in Figure 11-24? No It would be in the 
sky . but we could not see it. 

When the moon is at position 1, (Figure 
11-25) we refer to the moon as a new moon. 
Seven and one-half days later, when the 
moon is at position 2, the moon is referred 
to as the first quarter. The 15 day old 
moon at position 3, is called the full moon. 
At position 4, 22V4 days after new moon, 
the moon is called the third quarter. IVz 
days after third quarter or 30 days after 
newmooU, the moon is back: at position 1 
and is again referred to as the hew moon. 

, When speaking of the moon, useful 
terminology is illustrated in Figure 11-26. 
As the U^ted side of the rnoori visible 
from Earth becornes larger, new moon to 
full moon, the moon is said to be waxing. 
As the lifted side as seen from Earth be- 
comes smaller, full nlpon to new moon, 
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Figure lJ-26 



the moon is said to be waning. If the 
moon’s lighted side as seen from Earth is 
larger than a quarter and smaller than full, 
the moon is said to be gibbous. If the 
lighted side of the moon as seen from 
Earth is less than a quarter but greater 
than when at new moon the moon is said 
to be a crescent. 

Why is the quarter moon called quarter? 
How much of the moon is always lighted 
by the sun? How much of that lighted 
half do we see at the quarter phase? 

Vz • V 2 = Va-, or we see Va of the moon’s surface 
at the quarter phases. Using the vocabulary 
previously described, let us attempt to de- 
scribe where the moon “goes’' in the 
daytme^ _ 

To better understand the “wanderings” 
of the moon and to use the moon as a time- 
keeper we will make two assumptions. 
First, we will tell time by the position of 
the sun, and second, we will assume that 
the sun rises into the eastern sky at 6:00 AM, 
is directly south in the sky at 12;00 noon, 
arid'sets in the west at 6:00 PM (Figure 
11-27). 



EAST 
6:00 AM 



You are facing south in Figure'IF^ 
East is to the left and west' is to the ri^t. 
The sun is hii^i in the sky, directly south. 
What time is it in Fi^ire II-27? 12:00 Noon. 
What time did the sun rise bn this day? 
6:00 AM. What time does the sun set on 
this day? 6:00 PM. If the sun rises at 
6:00 AM and sets at 6:00 PM, how many 
hours does the sun spend in the sky on this 
day? 12 hours. How many hours do we see 
the sun this day? 12 hours. We see the sun 
all day unless, of course, it’s cloudy or 
raining. We will assume clear days and 
nights. 

In Figure 11-27, we observe the moon at 
the phase we described as new moon. Re- 



12:00 NOON 




member when the moon is at this position 
in its orbit, the moon is passing “between” 
the sun and Earth. Figure ll-2'7 illustrates 
the moon passing below the sun’s position 
as seen from Earth. Read the following 
question slowly. Reread it. If the 
sun is directly south at 12:00 noon, 
and the new moon is directly south 
when the sun is directly south, what time 
is it when the new moon is in the south? 
12:00 Noon. Remember we tell time by 
the position of the sun! . If the new moon 
is directly south at 12:00 noon, what time 
was it when the new moon rose in the east? 
6:00 AM. If the new moon rises at 6:00 
AM, is directly south at 12:00 noon, what 
time does it set? 6:00 PM. Or we say the 

new moon sets when the sun Sets. 

Do you see the new moon set? No. The 
new moon sets in the fading light oi the 
sun. The new moon rises at 6:00 AM and 
sets at 6:00 PM. How many hours is the 
new moon in the sky? 12 hours. How 
many hours do you see it on this day? 
You don’t. It is only in the sky when 
the sun is in the sky. Also recall that at 
new moon we are observing the dark side 
of the moon. The lighted side is toward 
the sun. (Figure 11-24). ■ 

Therefore the hew moon phase is the 
phase of the moon that we cannot see. 
It is not visible to the unaided eye. The 
new moon is only in the sky in the day- 
time. It has already set in the west before 
darkness and is not seen in the nighttime 
sky. 

New Moon 

Rises ................. 6:00 AM 

Sets... ................ 6:00 PM 

Hours in the sky .......... 12 hours 

Is seen ................. 0 hours 
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Figure 11-28, represents the moon three 
days after new moon. The moon has moved 
3 days or 36'^ in its orbit around Earth. 
What time is represented by Figure 11-28? 
12:00 Noon. The sun is due south. If the 
sun rises at 6:00 AM and sets at 6:00 PM, 
what time did the moon rise in Figure 
11-28? 9:00 AM. The moon is about three 
hours ‘‘behind” the sun. Did you see the 
moon of Figure 11-28 when it rose in the 
east? No. It is daylight at 9:00 AM. If 
you are outside looking at the moon in 
Figure 11-28, could you see it? No. The 
time is 12:00 Noon- 




Figure 11-29 represents the 3 day old 
moon at sunset, 6:00 PM. Do you see the 
3 day old moon at sunset? Yes. The moon 
has moved out of the glare of the sun. 
What time will the 3 day old moon set? 
9:00 PM. If the 3 day old moon rose at 
9:00 AM and sets at 9:00 PM, how many 
hours is it in the sky? 12 hours. How 
many hours do you see it? 3 hours. It is 
observed from 6:00 PM until 9:00 PM when 
it sets in the west. Could you observe the 
3 day old moon at 12:00 midnight? No. 
It has already set. 

The three day old moon is considered a 
crescent as it is between the quarter moon 
and the new. moon phase. The three day 
old crescent moon is said to be waxing. 
The lighted side is becoming larger as the 
moon is moving from the new moon to full 
moon phase. The moon at this position in 
its orbit is then described as a .? day old 
waxing crescent moon. 




Figure 11-30 

In Figure 11-30 the sun is setting in the 
west. What time is it? 6:00 PM. The IVi 
day old first quarter moon is directly south 
in the sky at sunset. What time is the^ first 
quarter in the south? 6:00 PM. If the 
first quarter moon is in the south at 6:00 
PM, what time did it rise? 12:00 Noon. 
Did you see it when it rose in the east? 
No. The sun was high in the sky. What 
time will the first quarter moon set? 
12:00 Midnight. Will you see it as it sets? 
Yes. It is night. If the first quarter moon 
rises at 12:00 noon and sets at 12:00 
midnight, how many hours is the first 
quarter moon in the sky? IZ hours. How 
many hours do you see it? 6 hours. The 
first quarter moon is observed from sunset 
until it sets about midnight. 

Waxing First Quarter 

Rises .......... 12:00 Noon 

Sets 12:00 Midnight 

Hours in the sky ... 1 2 hours 

Is seen ......... 6 hours, 6:00 PM to 

12:00 Midnight 




3 Day, Waxing, Crescent Moon 

Rises 9:00 AM 

Sets. .......... 9:00 PM 

Hours in the sky . . . 12 hours 

Is seen ......... 3 hours, 6:00 PM to 

9:00 PM 



Figure 11-31 represents the 10 day old 
waxing gibbous moon. The ten day old 
gibbous moon is about 9 hours “behind” 
the sun. The sun is setting in Figure 11-31 
and the gibbous moon is toward the south- 
east. What time did the waxing gibbous 
moon rise? 3:00 PM. Did you see it rise? 



No. What time will it be in the south? 
9:00 PM. What time will it set? 3:00 AM. 
Do you see it as it sets? Yes. If it rises at 
3:00 PM and sets at 3:00 AM, how 
hours is it in the sky? 12 hour . How many 
hours is it visible? 9 hours. 

10 Day, Waxing Gibbous Moon 

Rises 3:00 PM 

Sets 3:00 AM 

Hours in the sky ... 12 hours 

Is seen 9 hours, 6:00 PM to 

3:00 AM 




Figure I J-3 2 



In Figure II-32 the full moon :s rising 
as the sun is setting. Notice that the full 
moon is opposite the sun in the sky, twelve 
hours the sun. What time is 

illustn?.ted ^i^^ 11-32? 6:00 PM\, The 

sun is setting. If the full 15 day moon rises 
at 6:00 PM, do you see it as it rises? 
Yes. The sun is setting. The full moon 
rises as the sun sets. What time will the full 
moon be directly south? 12 Midlnight. 
What time will the full moon set? 6: 00 AM. 
The full moon sets as the sun rises. How 
many hours is the full moon in the sky? 
12 hours. How many hours do you see it? 
12 hours. The full moon is seen all night 
from sunset to sunrise. 

Full Moon 

Rises . 6:00 PM 

Si^ts . . . ....... . . . 6:00 AM 

Hours in the sky. .... 12 hours 

Is seen ........... 12 hours, sunset to 

sunrise 

Notice in Figure 11-33 that the sun is 
rising- What time is it? 6:00 AM. If the 
18 day old waning gibbous moon is in the 
southwest at sunrise,, what time was it due 




south? 3:00 AM- What time did it rise in 
the east? 9:00 PM. Do you see it as it 
rises? Yes. If the 1 8 day old waning 
gibbous moon rises at 9:00 PM, what time 
will it set? 9:00 AM- Will you see it 
when it sets? No. It will disappear from 
view in the southwest as the sun rises in 
the east, setting three hours later. 

15 Day, Waning Gibbous Moon 

Rises 9:00 PM 

Sets ,6:00 AM 

Hours in the sky, . . .12:00 hours 

It is seen 9 hours, 9:00 PM to 

6:00 AM 




Figure IL34 

Figure 11-34 represents the waning third 
quarter moon. 

Exercises: See if you can answer these 

questions without looking back 
at the various figures. 

6.a. The sun is rising in the east, therefore 
the time indicated in Figure 11-34 is 

b. The third quarter moon is directly 

south at_ ^ or 

c. The third quarter moon rises at 

d. Do you see the third quarter moon 
rise? 

e. The third quarter moon sets at 

f. Do you see the third quarter moon 
set? 
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g. How many hours is the thirti quarter 
moon in the sky? 

h. How many hours do you see it? 

i. The third quarter moon is seen from 

to — . 

j. If a quarter moon is observed in the 
sky at 10:30 PM, is this the waning 
third quarter? 

k. 22 day old, waning third quarter? 

(1) Rises 

(2) Sets 

(3) Hours in the sky. . . 

(4) It is seen hours, 

from 

to_! 




Figure 11-35 represents the 27 day old 
waning crescent moon. 

7.a. What time is indicated by Figure 11-35? 

b. In what direction is the crescent moon 
in Figure 11-35? 

c. What time did the waning crescent 
moon rise? 

d. Did you see it when it rose? 

e. What time is the waning crescent in 
the south? 

f. What time does the waning crescent 
set? 

g. Do we observe the; waning crescent 
moon setting? 

h. How many hours is the waning crescent 
moon in the sky? 

i. How many hours do we see it? 

j. 27 day old, waning crescent moon: 

(1) Rises . . ... . . . . . 

(2) Sets 

(3) Hours in the sky. . 

(4) Is seen hours, 

from 

to 



8. a. Identify the following phases and the 
approximate time. In all cases you 
are looking south. 
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WANING CRESCENT PHASE 





The jrnt^on continues in its orbit. As the 
moon again passes “between” the sun and 
Earth, the moon returns to the new moon 
phase and the lunar cycle is repeated. 



6:00 PM 
SOUTHWEST 

Figure 11-37 
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Caution; In the previous section, we have 
stated that you cannot “see” the moon in 
the daytime sky. However, there are times 
when you can see the moon when the sun is 
stiU in the sky. This occurs when the moon 
iis near the full phase. This is due to the sun s 
light being bent, refracted, as it passes 
through Earth’s atmosphere. At this tune, 
tlie brilliant moon stands out against the 
deep blue of the early evening or early 
morning sky. 




You could estimate that the line was 
less than a foot, a few inches, or between 
3 and 4 inches. You could do this by basic 
observation, and if this served our purposes,, 
this is an acceptable answer. However, to 
make a more accurate measurement than 
this, we would use a standard ruler. (At 
this point, you should copy and cut out the 
standard ruler, inches; and metric ruler, 
centimeters, found at the end of the 
chapter.) Measure the length of the line 
with the standard ruler in inches. The 
result of your measurement indeed shows 
that the line is less than a foot, it is a few 
inches in length, and is in fact between 3 
and 4 inches. With the ruler, you can de- 
scribe the length of the Ihie more ac- 
curately than with your eye. You are now 
able to describe the line as being between 
3‘/i and 4 inches. You could also say more 
accurately that the length of the line was 
between 3 3/4 and 4 inches. A table of 
your measurement steps could be as fol- 
lows; 



Measurement 

Step Greater than 



Less than 



1 

2 

3 



3 inches 
3 1/2 inches 
3 3/4 inches 



4 inches 
4 inches 
4 inches 



Repeating your measurement with a 
centimeter ruler the following information 
could be obtained: 



Figure II-3fi 

In the preceding sections, we have seen 
the development of the measurement of 
time. We will now apply the same basic 
principles and procedures to the direct 
measurement \pf distance, and later to 
indirect measurement of distance with a 
scsilc* 

Current methods of measuring ordinary 
■distances are familiar to all of us. Hovv- 
eveij with recent advances in the space sci- 
ences, the need to measure accurately be- 
comes exceedingly important. Let us 
consider the line' below. Figure 11-39. 



Measurement 



Step 


Greater than 


I^ss than 


1 


9 centimeters 


10 centimeters 


2 


9.5 centimeters 


1 0 centirneters 


3 


9.7 centimeters 
or 97 millimeters 


9.8 centimeters 
or 98 millimeters 




Table II- 10 





To attempt to read our measurements as 
3 7/8 inches or 97.5 millimeters, would be 
to exceed the precision of our instrument, 
in this case, the ruler. Errors to be con- 



Figure 11-39 
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sidered in a measurement experiment such 
as this would include: 

a. The width of the printed line on the 
ruler 

b. The angle from our eye to the ruler 

c. Texture of the paper 

d. Placement of the ruler on the printed 
page. 

If it were necessary to make a more 
accurate measurement, we would turn to a 
more precise instrument, for example, a 
vernier scale. This device enables us to de- 
termine the length of the line with a greater 
degree of accuracy. 







VERNIER SCALE 
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PRIMARY SCALE 



Figure u-40 

The vernier scale is a common attachment 
to measuring instruments, such as the ruler, 
micrometer, or protractor. The vernier is 
used to determine a fraction of division on 
the main scale that is the primary scale as 
in Figure 11-40. Vernier graduations are 
different from the primary scale, but bear 
a simple relation to it. For example, the 
vernier represented by Figure 11-40 is so 
arranged that it reads 0.2 or 1/5 of a aivi- 
sion on the primary scale. In order to make 
a reading like this, five divisions on the 
vernier scale must equal four divisions on 
the primary scale (Figure 11-41). Each 
vernier scale division is equal to 4/5 of a 
primary scale division. The difference in 
the length of the divisions is called the 
‘‘least count” of the vernier. By using the 
principle of “least count,” we could con- 
struct a vernier to read 1/32 or 1/64 
inches, or 0.5 millimeters, 0.1 millimeters, 
and so on. 

VERNIER SCALE 

0 1 2 3 4 5 



0 1 2 3 4 

PRIA/ARY SCALE 
Figure 11-41 ^ 
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PRIMARY SCALE 
Figure 11-42 

In reading the vernier measurement of 
the penny in Figure 11-40 two readings must 
be taken. The first reading is to determine 
the position of the vernier 0 on the primary 
scale. Prior to the rneasurement, the vernier 
0 is at primary 0, (Figure 11-42). Then to 
read the diameter of the penny. Figure 
11-40, the vernier 0 is between 2 and 3 units 
on the primary scale. This tells us that the 
diameter of the penny is between 2 and 3 
units. The second reading will determine 
the fraction of the scale unit. In this read- 
ing, we must determine which vernier divi- 
sion coincides most directly with a primary 
scale division. Upon inspection of Figure 
11-40, we see that the vernier scale is 
arranged as follows: 

Vernier Scale Primary Scale 

0 falls between 

1 falls between 

3 coincides with 

4 falls between 

5 falls between 

Vernier 3 coincides with a priniary scale 
division, and therefore, is the division which 
represents the fraction of a prirnary scale 
division. If one vernier division is equa^to 
0.2 of a scale division, then three vernier 
divisions equal 0.6 of a primary scale divi- 
sion. Our actual reading is obtained by 
adding the vernier reading to the primary 
scale reading. 

Primary Reading 2.0 units 

Vernier Reading 0,6 units 

Diameter of penny 2.6 units 

In this manner, we are able to directly 

measure the diameter of the penny with a 
high degree of accuracy by making use of 
an instrument of greater precision than a 
standard rule. 

At this time, the student should care- 
fully read the directions below and then 



2 and 3 

3 and 4 
5 

5 and 6 

6 and 7 



copy and cut out the vernier at the end of 
this chapter. 

Directions: 

Carefully: 

(1) Copy and cut out the vernier 

(2) Cut along Line C to A 

(3) Cut along Line B to A 

The vernier scale should slide freely and 
evenly along the primary scale. The smallest 
unit on the main scale is or 8/32 inches. 
The vernier scale is read in 1/32 inches. 
This vernier is read the same vvray as out- 
lined above. The primary scale is read to the 
nearest Vi or 8/32 inches plus the vernier 
reading up to 7/32 inches. 

Example: Place the vernier over the line 

in Figure 11-39. We are able to see that the 
vernier 0 is between 3. 3/4, that is 3 24/32, 
and 4 inches. The vernier 3 coincides most 
closely with a primary scale division. The 
line then measures 3 24/32 inches + 3/32 
inches or 3 27/32 inches. 

Itshould be noted that this measurement 
is more accurate than the measurement ob- 
tained with the standard ruler or vernier 
primary scale because the vernier is more 
precise than the ruler. However, it again 
should be noted that tho same kinds of 
errors involved with the ruler measurement 
are included with the vernier measurement. 
In this case, the errors are more critical be- 
cause of the accuracy of the measurement. 
In actual practice, vernier scales have been 
designed to measure to the nearest 0.001 
inches (one-thousandth of an inch). 

Let us approximate one of the funda- 
mental distances of astronomy, the astro- 



nomical unit. The astronomical unit, A.U., 
is the average distance between the center of 
the sun and the center of Earth. Astrono- 
mers have spent hundreds of years in ob- 
serving and calculating to refine this basic 
measurement. 

Figure 11-43 represents Earth’s orbit of 
the sun. It is drawn to scale, 1" equals 
48 million miles. To simple inspection, 
the orbit of Earth appears as a circle. 
If we were to carefully measure Figure 
II-43, we would find that Earth’s orbit 
is not a circle, but elliptical, slightly oval. 
If we were to report our measurement 
of the astronomical unit to a group of 
scientists, we would include in our report; 

1. Aphelion 

2. Perihelion 

3. Average distance from the sun 

4. Eccentricity of Earth’s orbit 

The above four characteristics are reterred 
to as the primary orbital elements pertain- 
ing to the shape of Earth’s orbit. From 
these four elements, a scientist could 
produce our drawing of Earth’s orbit. 



Aphelion 


miles 


Perihelion 


miles 


Average Distance 


_ _ miles 


Eccentricity 


miles 



To determine Earth’s farthest point from 
the sun, aphelion, we would measure the 
distance from the sun, (s) to Ej (Figure 




Figure 11-43 



11-43). This distance is l 31/32 inc hes. If. 
1 inch equals 48 million miles, then 
1 31/32 inches equals 94,500,000 miles. 
At Ej , aphelion. Earth is 94,500,000 
miles from the sun. To determine Earth’s 
closest point to the sun, perihelion, we 
would measure the distance from the sun 
(s) to Ej . This distance is 1 29/32 inches. 
With a scale of 1 inch equals 48 million 
miles, 1 29/32 inches equals 91,500,000 
miles. At E, , perihelion. Earth is 91,500,- 
000 miles from the sun. To detM'mine the 
average of Earth’s distance from the sun, 
we could add the aphelion distance to the 
periheUon distance and divide the sum by 
two. This would give us Earth’s average 
distance as 93,000,000 miles. However, 
to reduce the possibiUty of error due to 
measurement, we could take a number of 
measurements around Earth’s orbit. 

If we made the indicated measuremenrs 
in Figure II-44, we would tabulate the re- 
sults in a table as follows: 



Measurement 


Altitude 


Scale Inches 


1 


a-s 


1 31/32 


2 


b-s 


1 31/32 


3 


c-s 


1 30/32 


4 


d-s 


1 31/32 


5 


f-s 


1 29/32 


6 


E2-S 


i 28/32 


7 


g-s 


1 29/32 


8 


h“S 


1 29/32 


9 


i-s 


1 29/32 


10 


j-s 


1 31/32 


11 


k“S 


1 31/32 


12 


Ei-s 


1 31/32 


Sum- 23 8/32 

Table II- 1 1 

If we were to sum the 12 measurements. 



and divide by 12, we would have an 
average, or mean Earth-sun distance of: 
23 8/32/12 = 1 30/32 = 1 15/16 inches. 

From the 'scale, one inch equal to 48 
million miles, 1_15/16 inches equals 93 
million miles. 




Figure 11-44 



At this point we have 
Aphelion 94.5 x 10^ miles 
Perihelion 91.5 x 10® miles 
Average distance 93.0 x 10® miles 
1 A.U. = 93 mi iion miles, 93.0 x 10® miles 
Table 11-12 

The eccentricity of Earth’s orbit is a meas- 
ure of the “roundness” of the orbit or 
ellipse. If Earth’s orbit was a perfect 
circle, the eccentricity would be 0. The 
eccentricity of an ellipse is always less than 

1. The closer the eccentricity to 1, the 
more elliptical the orbit. 




Figure 11-45 
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For purposes of illustration, the elliptical 
orbit of Earth has been exaggerated in 
Figure 11-45. Notice that the sun is not 
at the center of the ellipse, C. The Earth ai 
position E, is at aphelion at a distance from 
the center of the sun of A. The Earth in 
position E^ is at perihelion at a distance of 
P from the center of the sun. We are able 
to express the eccentricity of Earth’s orbit 
in terms of the aphelion (A) and perihelion 
(P) distances. 

Eccentricity, e = ^ 

_ 94,500,000 -91,500,000 
94,500,000+91,500,000 

3,000,000 _ 3 _ 1 
® 186,000,000 186 63 

e = 0.016 

Since the eccentricity is small, 0.016, 
as compared to 1, we know Earth^s orbit 
is nearly circular. 

To interpret these results, consider the 
accuracy of our measurement. Your vernier 
is able to measure to the nearest 1/32 of 
art mch. Therefore, each measuj;ement is 
subject to an error of 1/32 inches (1/64 
inches below the value and 1/64 inches 
^bove the \^u^ Thus, the measure- 
ment, in the case of average Earth-sun 
distance 1 15/16 inches, should be written 
1 15/16 ± 1/64 inches. If we were to con- 
vert this number to miles, 1 inch equals 
48,000,000 miles, we would show that the 
average Earth-sun distance to be 93,000,000 
± 750,000 miles. Our report of the primary 



orbital elements of Earth would now appear 
as: 

Aphelion 94.5 x 10^ ± 7.50 x 10^ 

Average Distance 93.0 x 10^ ± 7.50 x 10^ 
Perihelion 91.5 x 10® ± 7.50 x 10^ 
Eccentricity 0.016 

The astronomical unit, A.U., would have 
a value of 93 x 10® miles plus or minus 
7.50 x 10^ miles. With today’s standards, 
our measurements of Earth’s orbit are not 
very realistic and are subject to error. 

With the advent of the space age, man 
has continued to refine this basic measure- 
ment< Table 11-13 illustrates some recent 
history of the measurement of the astro- 
nomical unit. 

If we were to report the orbital elements 
of a satellite, we would report the same 
four primary characteristics as we did for 
Earth’s orbit. For satellites which orbit 
Earth, we refer to the highest point in orbit 
as apogee and the low point as perigee. 
Apogee and perigee are measured from the 
center of Earth, but generally are reported 
from the surface of Earth. 

Although scientists measure and make 
their calculations based on the satellite’s 
distance from the center of Earth, the 
altitude of a satellite is repo.rted to the 
general public as the average distance of the 
satellite from the surface of Earth. 

That is to say, altitude of Ficho I is 
reported as 1,000 miles and not as 4,960 
miles. 

is a satellite at apogee at a distance A 
from the center of Earth. Sj represents the 
perigee of the satellite at a distance of P 
from the center of Earth, Figure 11-46. . 
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Source of 


A.U. in 








measurement 


millions 


Experiiiienter’ s 


! Estimate of 


Number 


and data 


of miles 


A-U- value range 


1 


Newcomb, 1895 


93.28 


93.20 -- 


--93.35 


2 


Hinks, 1901 


92.83 


92.79 -- 


--92.87 


3 


Noteboom, 1921 


92.91 


92.90 -- 


- - 92.92 


4 


Spencer Jones, 1 928 


92.87 


92.82 -- 


-- 92.81 


5 


Spencer Jones, 1931 


93.00 


92.99 -- 


-- 93.01 


6 


Witt, 1933 


92.91 


92.90 -- 


-- 92.92 


7 


Adams, 1941 


92.84 


92.77 -- 


--92.92 


8 


Brower, 1950 


92.977 


92.945 -- 


- - 93.008 


9 


Rabe, 1950 


92.9148 


92.9107 -- 


--92.9190 


10 


Millstone Hill, 1958 


92.874 


92.873 -- 


- - 92.875 


11 


Jodrell Bank, 1959 


92.876 


92.871 -- 


--92.882 


12 


S.T. L., 1960 


92.9251 


92.9166-- 


--92.9335 


13 


Jodrell Bank, 1961 


92.960 


92.958 -- 


- - 92.962 


14 


Cal. Tech., 1961 


92.956 


92.955 -- 


--92.957 


15 


Soviets, 1961 


92.813 


92.810 -- 


-- 92.816 






Table 11-13 







Example: Echo I was orbited in August of 
1960. Apogee was measured as 5,010 
miles and perigee as 4,910 miles. What are 
the four primary elements as to the shape 
of the orbit? (Use 3,960 miles as the 
average Earth radius) 

Apogee = 5,010 - 3,960 = 1,050 miles 
Perigee = 4,910 - 3,960 = 950 miles 

Average _ 1,050 + 9^ _ 1,000 miles 
Distance 2 

5,010-4,910 _ 100 

Eccentnorty = 

Apogee = 1 ,050 miles 
Perigee = 950 miles 
Average Distance = 1 ,000 miles 
Eccentricity = 0.01 
Table IM4 

Exercises: 

9. Explorer 1, the first United States 



satellite launched January 31, 1958, had 
an apogee measured to be 5,533 miles 
and a measured perigee of 4,184 miles. 
Report the four primary orbital elements 
as to the shape of the satellite’s orbit. 



a. Apogee ^ — miles 

b. Perigee miles 

c. Average Distance . • . miles 

d> Eccentricity 

Table IH5 



10. Explorer III launched June 28, 1958, 
had a reported apogee of 1,740 miles 
and a reported perigee of 1 1 8 miles. 
What are the four primary orbital ele- 
ments as to the shape of the orbit? 



a. Apogee — miles 

b. Perigee miles 

c. Average Distance . . - miles 

d- Eccentricity 

Table 11-16 



Thus far we have been concerned with 
direct measurement of distance and time. 
We can now extend these ideas to indirect 
measurement with a scale. 




Figure 11-47 shows the surface of the 
moon as photographed from Earth. Figure 
11-48 is of the same area of the moon as 
photographed by Ranger IX on March 24. 
1965. 

These photographs are of particular in- 
terest because Earth based measurements 
of Ptolemaeus (the large crater at the top of 
both photographs) estimate the average 



diameter to be over 90 miles. Analysis 
of Ranger’s IX pictures determined the 
average diameter to be about 94 miles. The 
Earth based picture represented by Figure 
11-47 was taken at a distance of about 
240,000 miles and Figure 11-48 when 
RarK^er IX was about 470 miles from the 
surface of the moon. 



I 
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In both instances and using similar 
methods, scientists were able to conclude 
that the diameter of Ptolemaeus was about 
90 miles. Although the moon is s^en by 
the unaided eye at a distance of 234,000 
miles and with a first class telescope at an 
equivalent distance of 500 miles. Ranger’s 
cameras “see” it at an equivalent distance 
of Vi of a mile. 

The best Earth-based photograph is able 
to resolve, see clearly, lunar surface features 
as small as 1,000 feet. Later we shall com- 
pare this figure with the resolution of 
Ranger IX photographs. 

You can use Ranger photographs to esti- 
mate size and distance on the moon, if you 
understand the grid system of the Ranger 
camera. 
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Figure 11-49 



The grid system is superimposed on the 
camera face. The grid crosses of Figure 
11-49 are called reticles, (xet'-i-kels). The 
center cross mark on the camera face is 
called the central reticle. Grid north is 
defined as a straight line drawn from the 
central reticle to the middle reticle in the 
north margin. Grid north differs from true 
lunar north depending upon spacecraft posi- 
tion, camera attitude, and the altitude of 
Rangel above the moon. 

Actual distances on the moon can be 
calculated from the camera scale. The scale 
is the ratio of the distance between the 
central reticle and the reticle^ immediately 
to the leftjind the distance visible between 
the two points on the lunar surface. In the 



actual analysis of Ranger photographs, 
there are both north-south s'd east-west 
scales. 

The scale also changes as we measure 
toward the margin of the photograph due 
to the curvature of the moon, the camera 
angle, and the longitude of the photo- 
graphed region. For our purposes of 
illustration, we will assume a flat surface, 
make measurements with an average scale 
and assume north-south and east-west scales 
to be equal. 

Now we will examine in detail two major 
characteristics affecting our use of the 
Ranger camera grid system; camera angle 
and satellite altitude. The camera angle 
is the view of the moon as seen from a 
particular camera, such as camera A, of 
Ranger IX. This instrument was built for 
a camera angle of 25°. Figure 11-51 repre- 
sents Ranger IX as it approached the 
surfac e of the moon and is drawn to scale, 
1 inch equals 250 miles. At an altitude of 
1,300 miles, Camera A with a field of 
view of 25° would “see” a circular area of 
the moon as in Figure 11-50. 




Camera A uses a mask on the light 
sensitive electronic tube in place of camera 
film. The resulting image of the moon is 
the portion of the full 25° view represented 
as the shaded area in Figure II-SO. 

The area of the moon’s surface seen by 
Camera A’s tube would depend upon the 
altitude of the satellite. The altitude. 
Figure II-5 1 , is the distance from the space 
craft to the surface directly below. At an 
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altitude of 1,300 miles. Position A, Figure 
11-51, Ranger IX viewed a square about 
492 miles aide, BC. Tliis is a surface 
area of the moon of 492 miles by 492 
miles or 242,064 square miles and could 
resolve features of 2,600 feet. At an alti- 
tude of 500 miles, position D, Ranger IX’s 
camera A could photograph a square of 
about 186.8 miles on a side, EF, or a 
surface cirea of 186.8 x 186.8 or 34,894 
square miles. At this altitude. Camera A 
could resolve surface features of 1 ,000 
feet. 

As the altitude continues to decrease, 
the area photographed decreases, and the 
resolution increases. We could compile 
our data as in Table 11-17. 

These figures are approximations and 
will afford us a general understanding of 
the scientific principles of measurement 
underlying the successful Ranger mis- 
sions. 

Remember at an altitude of 1,300 miles, 
the camera is able to view a square approxi- 
mately 492 miles on a side. The 492 
miles represents the distance from the 
reticle on the left margin to the reticle at 
the right margin. The distance represented 
between two reticles, average scale, would 
be 492 miles divided by 4 or 123 miles. 
This distance is represented by 1 5/8 inches. 
Therefore, 1 inch would equal 7 6 miles. 
We may set up a table for scales at various 
^titudes. Table 11-18. 







Ranger 9 


Camera A 


Camera Angle 25° i 








Surface area 


. S 

Resolution 






Altitude (Miles) 


(Square miles) 


(feet) 1 




1. 


1300 


242,064 


2,600 i 




2. 


500 


34,894 


1,000 ; 




3. 


250 


10,000 


500 




4. 


100 


1,697 


200 




5. 


4.5 


4 


9 


o 






Table II- 17 , 
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4 , 471 .^ 





.Altitude 


Length of side 


Average Scale 


1 inch equals 


(miles) 


(miles) 


(ir-:lss) 


(miles) 


1300 


492.0 


123.0 


76 


475 


186.8 


46.7 


29 


250 


100.0 


25.0 


15 


100 


41.2 


10.3 


6.4 


4.5 


2.0 


0.5 


0.3 



Table 11-18 



Refer to Figures 11-47 and 11-48. The 
three large craters found in the photo- 
graphs are Ptolemaeus (top center). 
Albategnius (lower right), and Alphonsus 
(lower left). The scale for Figure 11-47 is 
1 inch equ^s 80 miles. 

Use your standard ruler to measure the 
diameter of the crater Ptolemaeus. A close 
estimate of the diameter from rim to rim 
would be 1.2 inches. To calculate the 
diameter of Ptolemaeus in miles: 

1 inch _ 1 .2 inches 
80 miles X miles 



1 inch _ 1 .4 inches 
65 miles X miles 
x = 65 X 1.4 
X = 91.0 miles 

We repeat the procedure for the craters 
Alphonsus and Albategnius and record the 
measurements in Table 11-19. 

Comparing the results of the measure- 
ments, we find that the diameter of the 
craters in Figure 11-47 varies from those 
obtained in Figure 11-48. We can attribute 
the variation in your measurement to: 



a. One measurement 

b. Irregular shaped craters 

c. Problem in determining the rim of the 
crater 

d. Black and white shading 

e. Not measuring through the center of 
the crater 





Scale 
1 inch = 


Scale 

Diameter 


Diameter 


Ptolemaeus 


Earth 80 miles 


1 .2 inches 


96.0 miles 


Ranger 65 miles 


1 .4 inches 


91.0 miles 


Alphonsus 


Earth 80 miles 


0.75 inches 


. 60.0 miles 


Ranger 65 miles 


0.9 inches 


58.5 miles 


Albategnius 


Earth 80 miles 


0.9 inches 


72.6 miles 


Ranger 65 miles 


1 . 1 inches 


71.5 miles 



Table 11-19 



x = 80-1.2 
X = 96 miles 

The scale for Figure 11-48, a Ranger 
photograph, is 1 inch equals 65 miles. 
Measure Ptolemaeus in Figure 11-48 with 
your ruler. You will find the diameter to 
be 1 .4 inches. (Calculating the diameter in 
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To reduce the occurrence of experi- 
mental error, we can repeat the procedure 
we used in determining the astronomical 
unit earlier in this chapter. In iliis manner, 
we would speak of the average diameter of 



the crater. This value would certainly be 
more representative and better understood. 

Measuring ten random diameters of eacn 
of the craters in Figures 11-47 and 11-48, 
we collect our data as follo\;s. Table 20: 





Ptolemaeus 


Alphonsus 


Albategnius 


Trial 


Earth-based 


Ranger 


Earth-based 


Ranger 


Earth-basea 


Kanger 


1- 


1.20 


1.30 


0.75 


0.90 


0.90 


1.10 


2- 


1.15 


1.40 


0.80 


0.95 


n.85 


1.20 


3- 


1.10 


1.40 


0.75 


1.00 


1.00 


1.30 


4- 


1.00 


1.45 


0.80 


1.10 


0.95 


1.35 


5- 


1.10 


1;50 


0.85 


1.05 


1.00 


1.20 


6" 


1.15 


1.40 


0.80 


0.95 


0.90 


1 .05 


7- 


1.20 


1.30 


0.80 


1.00 


i.o's 


1.15 


8- 


1.20 


1.45 


0.70 


1.10 


1.00 


1.10 


9- 


1.10 


1.50 


0.75 


1.05 


1.00 


1.10 


10- 


1.15 


1.40 


0.80 


1.00 


0.95 


1.20 


Total 


11.35 


14.10 


7.80 


10.10 


9.60 


11.75 


Total 


11.35 


14.10 


7.80 


10.1 


9.60 


11.75 


No. of Trials 


10 


10 


10 


10 


10 


10 


Average Diameter 
(Inches) 


1.13 


1.41 


0.78 


1.01 


0.96 


i.i7 


Average Diameter 
(Miles) 


90.4 


91.0 


62.4 


65.1 


76.8 


0 6.1 



Table 11-20 
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c. 

d. 

e. 



HEIGHT OF 
MOUNTAIN 

Ey this procedure, our figures more 
closely agree with each other. Using this 
procedure to determine the average diam- 
eters of the craters, we have tended to reduce 
the possibility of experimental or random 
error. The greatest possibility of error in 
our dfeterminations would be a constant 
error. To reduce the constant error, we 
would go back over our procedures and re- 
check our determinations of: 

a. Calibration and precision of measur- 
ing instruments 

b. Distance to moon 
Calculation of scale 
Determination of the center of the 
crater 

Deiinition of nm of the crater 

By continuing to refine our procedures 
and calculations, we continue to increase 
the acctrracy of our measurements. 

Using the same basic procedure, we are 
able to calculate the approximate altitude 
of the mountains on the moon. Turn to 
Figure 11-58. The mountain in the photo- 
graph is referred to as the central peak of 
Alphonsus. The scale on this photograph 
is 1" equals 6.4 miles. When the photo- 
graph was taken, the sun was at an angle of 
11° ito the surface of the moon. You can 
measure the length of the shadow as 0.5 
inches. Our scale drawing would appear ass 
Figure 11-53. For purposes of illustration, 
wc magnify our scale 6 times or say, 3" 
equals 3.2 miles. 

From Figure Tl-53, you. are able to de- 
termine as 11°, the angle of the sun. 

The line AB represents the length of the 
shadow f the mountain, 3 inches or 3.2 
miles. Line CB represents the altitude .of 
the mountain. If you measure CB, you 
find it is 5/8 inches long. We determine 
the approximate altitude of the mountain 
as follows: 

3 inches 3.2 miles 



5/8 inches 






X miles 
3.2 
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X = 0.66 miles 

To convert our answer into feet, we con- 
tinue a" follows: 

1 mile = 5,280 ft. 

0.66 miles = 3,400 ft. 




LENGTH OF SHADOW 
Figure II 53 

The altitude of the central peak of 
Alphonsus is about 3,400 ft. 

Students familiar with trigonometry may 
make more accurate determinations by use 
of the tangent formula. 



tan 1 1° = 






0.1944 = 



CB 

3.2 



CB = .1944 X 3.2 
CB = 0.62 miles 
1 mile = 5,280 ft. 

0.62 miles = 3,273 ft. 

The altitude of the central peak of 
Alphonsus is about 3,300 ft. 

Using the above methods, astronomers 
have determined from both Ranger and 
Earth-based photographs craters up to about 
180 miles in diameter and mountains 
towering over the surface of the moon more 
than 25,000 ft. 

Many new and striking ideas about 
the Moon have resulted from the Ranger, 
and Surveyor photographs. There is still 
a great deal more to learn from the 
Ranger and Surveyor photographs. In Tact, 
scientists will be studying these pictures 
for years to come. 




Figure 11-54 
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Figures 55, 56, 57, 58 and 59 are Ranger 
IX photographs of the crater Alphonsus. 
You have seen that the scale changes with 
the altitude of the satellite. It is necessary 
to set up a series of scales to measure 
surface features. The scales may be ap- 
proximated by a number of scale drawings 
as represented by i igure II-5 1 . 



Exercises: 

11. Measure the crater marked II in Figures 
11-55, 56, 57. Determine its average 
diameter. 

Average 

Crater II Scale Diameter 

a. Figure 11-55 1” = 76 miles miles 

b. Figure 11-56 1” = 29 miles miles 

c. Figure 11-57 1"= 15 miles miles 

12. Determine an approximate diameter 
for the cratef marked III, Figures 55 
and 56. 

Average 

Crater III Scale Diameter 

a. Figure 11-55 1" = 76 miles miles 

b. Figure 11-56 1" = 29 miles miles 

13. From Figure 11-59, determine the di- 
ameter of various craters. Scale 1" - 
0.3 miles. Then, pick out the smallest 
structure visible to your eye, and 
calculate its size in feet. 



14. On the enclosed Atlas of the moon, 
Figure 11-60, locate and mark the im- 
pact point of the following moon 
satellites. Remember that North is 
to the bottom of the page, East to the 
left, and West is to the right. 

a. Ranger VII— Impacted 7/13/64 — 

Lat. 10“S 
Long. 20° W 

b. Ranger VIII— Impacted 2/20/65 — 

Lat. 2°N 
Long. 2°E 

c. Ranger IX— Impacted 3/24/65 — 

Lat. 13°S 
Long. 2“W 

d. Surveyor 1— Softlanding 6/1/66 

Lat. 2°S 
Long. 4°W 

e. Surveyor II— Failed, Impacted 

9/20/66 

Seathing Bay area, SE 
of Copernius 

f. Surveyor III— Softlanding 4/19/67 

Lat. 3°S 
Long. 23° W 

g. Surveyor IV— Impacted 7/16/67 

Lat. 0°N 
Long. 1°W 

h. Surveyor V— Softlanding 9/10/67 

Lat. 1°N 
Long. 23° E 

i. Surveyor VI— Softlanding 1 1/9/67 

Lat. 0°N 
Long. 1°W 

j. Surveyor VII— Softlanding 1/10/68 

Lat. 40° S 
Long. 11°W 



Lunar Map 

This map of the moon is based on 
the original drawing by Karel Andel, 
published in 1926 as Mappa Seleno- 
graphica. 

MOUNTAINS AND VALLEYS 



a. Alpine Valley 

b. Alps Mts. 

c. Altai Mts. 

d. Apennine Mts. 

e. Carpathian Mts. 

f. Caucasus Mts. 

g. D'Alembert Mis. 

h. Docrfel Mts, 

i. Haeinus Mts. 

j. Harbinger Mis. 

k. Heraclides Prom. 

1. Hyginus Cleft 

m. Jura Mts. 



1. .Abenezra 

2. Abulfeda 

3. Agatharcliides 

4. Agrippa 

5. Albategnius 

6. Alexander 

7. Aliacensis 

8. Almanon 

9. AJpetragiiis 
IJ. Alphonsns 

11. Apianiis 

12. Apollonius 

13. Arago 

14. Archimedes 

15. Archytas 

16. Aristarchus 

17. Aristillus 

18. Aristoteles 

19. Arzachel 

20. Asclepi 

21. Atlas 

22. Autolyciis 

23. Azophi 

24. Baco 

25. Bailly 

26. Barocius 

27. Bayer 

28. Beaumont 

29. Bernouilii 

30. Berzelius 

31. Bessel 

32. Bettinus 

33. Bianchini 

34. Biela 

35. Billy 

36. Birmingham 

37. Birc 

38. Blancanus 

39. Blanchinus 

40. BoguslawcUy 

41. Bohnenberger 

42. Bond, W. C. 

43. Bonpland 

44. Borda 

45. Boscovich 

46. P . uglier 

47. e /ussingai-’ t 



n. Laplace Prom. 

o. Leibnitz Mts. 

p. Pico 

q. Piton 

r. Pyrenees Mts. 

s. Rheita Valley 
i. Ripliaer.s Mts. 
IK Rook Mts. 

V. Spilzl)crgen 
w. Straiglii Range 
\. Straight W-iU 

y, Taurus Mr. 

z. TenerifTe M 



48. Bullialdus 

49. BuiTckhardt 

50. Biirg 

51. Calippus 

52. Campanus 

53. Capella 

54. Capiianus 

55. Cardanus 

56. Casatus 

57. Cassini 

58. Catharina 

59. Cavalerius 

60. Cavendish 

61. Celsius 

62. Cepheus 

63. Chacornac 

64. Cichus 

65. Clairaut 

66. Clausius 

67. Clavius 

68. Cleomedes 

69. Colombo 

70. Condamine 

71. Condorcet 

72. Conon 

73. Cook 

'“4, Copernicus 

75. Criiger 

76. Curtius 

77. Cuvier 
7F.. Cvrillus 



79. Damoiseau 

80. Danicll 

81. Davy 
«2. Dawes 

.j. Casparis 

84. Deiambre 

85. De la Rue 

86. Delaunay 

87. Delisle 

88. Deluc 

89. Descartes 

90. Diophantus 

91. Dollond 

92. Doppelmayer 



93. Eiclistadt 
91. Encke 

95. Eiidyinion 

96. Epigenes 

97. Eratosthenes 

98. Euclidcs 

99. Eudoxus 

100. Euler 

101- Fabriciii 

102. Faraday 

103. Fermat 

104. Fernelius 

105. Firmicus 

106. Flamsteed 

107. Fontenelle 
lOS. Fracastorius 

109. Fra Mauro 

110. Fr;:nklhl 

111. Fiirnerius 

112. Gambart 

113. Gassendi 

114. Gauricus 

115. Gauss 

116. Gay-Lussac 

117. Geber 

118. Geminus 

119. Gemma Frisius 

120. Goclenius 

121. Godin 

122. Goodacre 

123. Grimaldi 

124. Gruithuisen 

125. Guericke 

126. Gu\.nberg 

127. Hahn 

128. Haiiizel 

129. Halley 

130. Hansteen 

131. Harpalus 

132. Hase 

133. Heinsius 

134. Helicon 

135. Hell 

138. Heraclitus 

137. Hercules 

138. Herigonius 

139. Herodotus 

140. Herschel 

141. Herschel, J. 

142. Hesiodus 

143. Hevelius 

144. Hippaltis 

145. Hipparchus 

146. Horrebow 

147. Horrocks 
148 Hortensius 

149. Xiiimholdt, W. 

150. Hypatia 

151. Isidonis 

152. Jansen 

153. Janssen 

154. Julius Caesar 

155. Kepler 

156. Kies 

157. Kircli 

158. Klaproth 
!59. Klein 

160. Krafft 

161. Landsberg C 

162. Lagrange 

163. Lalande 



164. Laniheri 

165. Landsberg 

166. Langrenus 

167. Lassell 

168. Lee 

169. Lehmann 

170. Letronne 

171. Leverrier 

172. Lexell 

173. Licctus 

174. Lilius 

175. Lindenau 

176. Linne 

177. Liltrow 

178. Lohrmann 

179. Longomontanus 
ISO. Luhiniezky 

181. Maclear 

182. Macrobius 

183. Mddler 
181. Magelhaens 

185. Maginus 

186. Mairan 

187. Manilius 
U88. Manzinus 

189. Maraldi 

190. Marinus 

191. Maskelyne 

192. Maupertuis 

193. Maurolycus 

194. Mayer, Tobias 

195. Menelaus 

196. Mercator 

197. Mcrseniiis 

198. Mcssala 

199. Messier 

200. Metiiis 

201. Melon 

202. Miiichius 

203. Miller 

204. Monge 
20.5. Moretus 

206. Mosting 

207. Mutus 

208. Nasireddin 

209. Neander 

210. Nearchus 

211. Nicolai 

212. Oken 

213. Orontius 

214. Palisa 

215. Pallas 

216. Parrot 

217. Parry 

218. Peirce 

219. Petavius 

220. Philolaus 

221. Phocylides 

222. Piazzi 

223. Picard 

224. Picodomini 

225. Pickering, W. H. 

226. Pictet 

227. Pitatus 

228. Pitiscus 

229. Plana 

230. Plato 

231. Playfair 

232. Plinius 

233. Pontainis 

234. Pont^couiant 

235. Posidonius 

236. Prinz 
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237. Produs 

238. Protagoras 

239. Ptolemaeus 

240. Purbach 

241. Pythagoras 

242. Pytheas 

243. Rabbi Levi 

244. Ramsden 

245. Regiomontanus 

246. Reiclienbach 

247. Reiner 

248. Reinliold 

249. Repsold 

250. Rhaeticus 

251. Rheita 

252. Riccioli 

253. Rorner 

254. Ross 

255. RoDiniami 

256. SacrolK'sco 

257. Sanibech 

258. Sasse rides 

259. Saussure 
2G0. Sebeiner 

261. Schickard 

262. Schiller 

263. Sdiroier 
261. Seieucus 

265. Sliarp 

266. Si m pel i us 

267. Snellius 

268. Sosigene.’i 

269. Sladius 

270. Slevinus 

271. Stofier 

272. Strabo 

273. Struve 

274. Struve, Oao 

275. Tacitus 

276. Taruntiiis 

277. Theaetetus 

278. Thebit 

279. Theophiliis 

280. Timaeus 

281. Tiinocharis 

282. Torricelli 

283. Triesnecker 

284. Tycho 

285. Ukert 

286. Vendelinus 

287. Vieta 

288. Vitello 

289. Vitruvius 

290. Vlacq 

291. Waller 

292. Weiss 

293. Werner 

294. Wilhelm I 
29.5, Wilkins 

296. Wurzelbauer 

297. ?.ach 

298. Zagut 

299. Zachius 

300. Zupus 




Figure IISO 
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Answers to Chapter 1 1 



l.a. 



b. 



The standard number of drops per 
minute is found by dividing the total 
number of drops by the number of 
minutes, in this case, 5. 

Standard 

(2) Standard 

(3) Standard x 60 or 
Standard x 60 



c. 



(4) 

(5) 

( 1 ) 



1,000 

Standard x 60 x 24 

1,000 

Standard x 60 x 24 x 365 

1,000 

_ Standard x 60 x 24 x 365 
1,000 X 1,000 

1,000 X 1,000= 1,000,000 
= 1 X 10® = 1 million 



a. 

b. 



2. Standard x 90 

3. a. Standard x 25 

b. Standard x 25 

22 

4. Some problems encountered when 
using drop time are as follows; 

All drops are not the same size. 
The number of drops per minute 
would vary depending upon how full 
the cup is. Try this. 

c. As the opening became larger after 
continued use, the water would drop 

f but faster. j 

You have to keep; filling the cup. 
In cold weather, the water could 
' freeze , and in high temperatures, the 
water could boil. 

As early as 1400 B.G., the Egyptians 
constructed water clocks and they were 
used almost 2,000 years as time- 
keepers. 

a. Complete as instructed. 

b. (1) about4:45PM 

(2) about 7:15 PM 

(3) about 2:15 AM 
<^4V about 8:45 AM 



a. 

e. 



( 1 ) 
( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

d. (1) 

( 2 ) 

(3) 

(4) 

(5) 



5.e. 



6:00 PM 
6 hours 

about 10:45 PM 
about 1:15 PM 
about 8:15 AM 
about 2:45 PM 
6 hours 
6 hours 
6 hours 
6 hours 
6 hours 

Time 



Angle of 
the Sun 



6:00 AM 18 hours 
about 10:45 AM 22 hours 45' 
about 1:15 AM 
about 8:15 PM 
about 2:45 AM 



1 hour 15' 
8 hour 15' 
14 hour 45' 



New York 
Greenwich 
Moscow 
Tokyo 
Los Angeles 

6. a. 6:00 AM 

b. 6:00 AM or sunrise 

c. 1 2 midnight 

d Yes, it is dark when it rises 

e. 12 noon 

f. No, it is daylight when it sets 

g. 12 hours 

h. 6 hours 

i. 12 midnight to 6: OO AM 

j. No, the waning third quarter does not 
rise until midnight. 

k. (1) Midnight 
(2y Noon 

(3) 12 

(4) 6 hours, from Midnight to 6:00 
AM ; 

7. a. 6:00 AM 

b. Southeast 

c. 3:00 AM 

d. Yes, it is still dark at 3:00 AM 

e. 9:00 AM 

f. 3:00 PM 

g. No, it is still light at 3:00 PM 

h. 12 hours 

i. 3 hour s 

j. (1) 3:00 AM 

(2) 3:00 PM 

(3) 12 hours 

(4) 3 hours, from 3:00 AM until 6:00 
AM 



8. a. (1) Full Moon 

Midnight 

(2) 1 st Quarter 
9:00 PM 

(3) Waxing Gibbous 
9:00 PM 

b. (1) Waning Crescent 
6:00 AM 
Southeast 

(2) Waxing Crescent 
6:00 PM 
Southwest 

9. a. Apogee 1.573 miles 

b. Perigee 224 miles 

c. Average 

Distance 898.5 miles 

d. Eccentricity 0.14 



10. a. Apogee 1.740 miles 

b. Perigee 1 1 8 miles 

c. Average 

Distance 929 miles 

d. Eccentricity 0.17 

11. Average Diameter 

a. about 24.5 miles 

b. about 25 miles 

c. about 24.5 miles 

12. Average Diameter 

a. about 52 miles 

b. about 5 1 miles 

13. Smallest features visible in Figure 61 
are about 500 feet. 

14. Add other satellites and landings, to the 
map of the moon as they occur. You 
can obtain their position from your 
local newspaper. 
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NOTE; In the printing process the above instru- 
ments may have become somewhat inaccurate, there- 
fore you may wish to use your own plastic, metal 
or wood iiistruments. f 

Figure 11-61 
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Chapter HE 

“EMPTY’ IPACE 







“EMPTY” SPACE 



How is ii possible to describe the measure 
of “empty” space which contains only 
about 1 particle of material per cubic 
mile? The content of “empty” space con- 
tains a wind that travels faster than the 
speed of sound, strong enough to produce 
the tail of a comet, a wind which cannot be 
seen but can be measured (Figure III-2 and 
iII-3). These are the solar winds — high 
temperature electrified gases from the sur- 
face of the sun. Also throughout space 
there are fields of gravity, electricity, and 
magnetism which can be used to describe 
its measure. 




Figure III-2 







Figure I1I-3 
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By applying mathematics we can now 
make a good guess (hypothesis) as to 
what is out there. Orbiting satellites in 
this vast “empty” region are making meas- 
urements, assembling data, and transinitting 
this information to Earth as radio signals. 
Instruments change the sounds to numbers. 
By using the numbers, scientists can build 
a “mathematical mcdel” of the space we 
cannot see, but the measure of which we 
can describe. Today we see space in the 
world around us through our ideas as well 
as with our eyes. Although we marvel at 
the sight of nature, we have learned to 
build a better understanding of it by using 
numbers to invent shapes for those parts of 
nature, which our eyes cannot see. Satel- 
lites can send sounds back to Earth, which 
can be changed to numbers. Numbers can 
be used to represent measurement. 

One of the most important things we 
have to do then is first to have a basic 
understanding of sound. As we progress 
we shall see how an orbiting sateUtte can 
use just 2 tones, or sounds, to send the 
measure of space back to Earth. 

Sound travels in the form of a wave. 
One way of picturing a wave is to tie one 
end of a heavy string to some solid object 
(Figure III-4). If the free end of the rope 
is given a quick snap, a wave travels along 
the rope, hits the solid objiect and some- 
times is reflected back to your hand. Hov/- 
ever we do not think sound waves actually 
travel in this manner. Sound waves begin 



when an object is vibrated. These vibra- 
tions are passed into the air by alternately 
pushing the air particles together, and then 
allowing the particles to spread apart. These 
compressions and rarefactions as they are 
called, travel outward from the source as a 
series of ever enlarging hollow spheres. 
(Figure III-5). Sound waves can also be 
reflected or echoed. 

When an object such as a tuning fork, or 
guitar string vibrates, it does so with a 
certain frequency. This simply means that 
in a given unit of time, usually one second, 
the object moves back and forth a certain 
number of times. As an example, “middle 
C” on the piano has a frequency of 256 
cycles per second. In one second the wire 






Figure III-4 
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Figure III-6 



moves back and forth 256 times. This re- 
sults in 256 compressions and rarefactions 
(sound waves) being sent out into the air 
every second. 

When your ear hears the piano note, 
your ear drum also vibrates 256 times a 
second. At any point within the range of 
this sound, 256 sound waves go past every 
second. If we know how far it is from one 
wave to the next, we can soon compute 
how fast the waves are traveling. TWs is 
often compared to a railroad train pas^g 
a crossing. If twenty cars go past in a minute 
and each car is fifty feet long, then 20 cars 
per minute x 50 feet per car equals 1000 
feet per minute — which is the velocity of 



the train. With sound waves the statement 
is “velocity equals number of vibrations 
per second (frequency) times distance from 
one wave to next (wavelength), or 

V = f X £. 

Now to measure the length of a 
sound wave. Imagine a wave like 
this and a- second wave 

identical to the first — ~ ^ 

But suppose the second wave travels just a 
wave length behind the first: 




What wave will result if they are added 
together? The “hills” of one wave are 
added to the “valleys” of the other wave, 
and the result could be represented like 
this — — — “ . These waves cancelled each 
other when they were added together. 

Now imagine the two waves are traveling 
exactly together: 




This wave will result if they are added 
together: 




It will result in a wave with the same fre- 
quency but higher hills and deeper valleys — 
a stronger wave or a louder sound. 

If two sound waves cancel each other 
silence results. If two sound waves 
strengthen or re-enforce one another, a 
much louder sound results. The effect of 
sound waves re-enforcing one another is 
called resonance. 




Figure in~7 
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Figure III-8 



We can use resonance to help us measure 
the length of a sound wave. We will need a 
graduated cylinder of at least 100 milliliter 
capacity, a tuning fork with a frequency of 
700 cycles per second or higher, a metric 
ruler, and a small amount of water. 

If the vibrating tuning fork is held over 
the open end of the cylinder. Figure III-8, 
the compressions and rarefactions travel 
down to the closed end of the cylinder, are 
reflected from the bottom of the cylinder, 
and travel back out the open end of the 
cylinder. A louder sound, or resonance, 
will occur if the cylinder is just the right 
length so that a compression and r^e- 
f action travel down it, reflect and arrive 
back at the open end while the tuiiing 
fork' is completing one-half of its vibration. 
During the other half-vibration, a compres- 
sion and rarefaction are produced in the 
opposite direction, and add to the com- 
pression Md rarefaction emerging from the 
cylinder to make the sound louder. 

In other words, resonance will occur if 
the length of the cylinder is exactly one- 
fourth the length of the sound wave. 
Resonance can also occur if the length of 
the cylinder is three-fourths of a wave 
length, or one and one-fourth wave length, 
or one and three-fourths wave length, etc. 
Can you decide why the cylinder cannot be 
one-half wave length or one wave length 
long for resonance to occur? 



Hold the vibrating fork over the open 
end of the cylinder. If resonance does not 
occur with an empty cylinder, slowly, very 
slowly, add water to the cylinder until the 
volume of sound increases sharply. When 
resonance occurs, measure the distance 
from the top of the cylinder to the surface 
of the water. 

Continue to add water slowly to the 
cylinder while the vibrating fork is held 
over the top. If resonance occurs again, 
measure the distance from the top tc the 
surface of the water. The difference be- 
tween these two measurements is one-half 
wave length. 

If resonance does not occur again with 
this cylinder, then the distance from the 
top to the surface of the water represents 
one-fourth of a wave length, and should be 
multiplied by four to give the wave length. 

Once the wave length has been measured, 
and with the frequency of the tuning fork 
known, the speed of sound can be calcu- 
lated from V = f X t. You should be able to 
measure the speed of sound to be about 
335 meters per second. 

If you discover errors in your measure- 
ment, perhaps you can think of ways of 
improving your techniques. Does the 
diameter of the cylinder have any effect 
on wave length? The longer the wave 
length you use, the smaller will be your 
error of measure. Do you think dif- 
ferences m temperature or pressure of the 
air could cause errors of measurement? 

The speed of sound is dependent upon 
air temperature. Can sound be used to 
measure temperature in the upper atmos- 
phere? When rockets became available 
for scientific use, methods for measuring 
temperature with sound were devised. One 
technique has proved very valuable, 

As the rocket soars upward, special 
grenades are ejected from it one after 
another, m they explode with bright flashes 
and loud noises. Figure III-9. 

Ground based radar tracking station 
and special photographic trackers are used 
to pinpoint the location of each explosion. 
Meanwhile, sensitive microphones are used 
to detect the sounds of the explosions when 
they arrive at the ground, and differences 
between arrival times are computed and 
recorded electronically. 
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Figure III-IO 







Schematic diagram of the grenade- 
experiment system. Radar, ballistic camera, 
and Doppler tracking systems are indicated. 
Each individual system or combination of 
systems suffices for the experiment. Sound 
recording site is preferably located duectly 
under the rocket trajectory. Gl, G2, G3, 
and G12 indicate various altitudes of gre- 
nade explosions. 

Fi^re III-9 



Using the relationship that Velocity 
equals Distance divided by Time (V = 
D/T), distance being the difference in 
altitude between successive explosions, and 
time, the interval between recorded sounds, 
the velocity of sound within the altitude 
interval can be computed. 

We have all heard the “beep-boop-beep” 
of Vanguard I, one of America’s first satel- 
lites, Figure III- 10. 



The tones are the voice of the satellite 
What do these tones from space mean? 
What is the satellite “saying?” What 
languages does the satellite use? The 
satellites transmit their information back 
to earth by transmitting a special kind of 
number called a binary number. We are 
all familiar with numbers which contain 
the numerals 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9.. 
A binary number contains only 1 and 0 yet 
can be used to represent any number of 
items. 

The binary system is based on 2’s instead 
of lO’s like our ordinary numeration sys- 
tem. Here is a 7 place binary numeral 
1 1 1 I 1 1 1. It means: 1(64) + 

1(32) + 1(16) + 1(8) + 1(4) + 1(2) + 
1(1) = 127. Each place in a binary 
numeral contains a digit which is twice the 
value of the digit in the previous place. In 
a binary numeral a (1) is used to indicate 
that the place is filled and a (0) is used to 
indicate that it is not. Binary numerals are 
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useful because any value can be "written 
using only two different digits. Cl and O). 
Tbus tbe V digit binary numeral iOlOlOl 
means: 1 C64) OC32) -f- 1 C 1 €s) OC8) -h 

1C4) OC2) -b 1C1> = 85. How would you 
"write tbe binary numeral for 3 6? C-A.nswer: 
lOOlOO = 1C32) -+- OC16) -b OC8) -b 1C4) -b 

OC2.) -b OCl) = 36. Space vehicles utilize tbe 
binary number system which can represent 
any quantity. Can you "write a binary nu- 
meral for ea-^h of these: O, 1, 2, 3, 4, 5 , 6, 

V, 8, S>? 



An^S"wer : 












O 


= 


OCl) = 


O 






1 




ici) = 


1 






1 O 


— 


1C2) -b 


OCl) = 


2 




1 1 


— 


1C2) -b 


ici) = 


3 




lOO 


= 


1C4) -b 


OC2) 


OC 1 ) = 


4 


lOl 




1C4) -b 


OC2) 


Id) = 


5 


i lO 




1C4) H- 


1C2) -t 


OCl) = 


6 


111 




1 C4) 


1C2) -b 


ici) = 


V 


lOOO 




ICS) -b 


OC4) -b 


OC2) -1- 


OCl) = 


1 OO 1 


= 


ICS) -b 


OC4) -b 


OC2) 


ici) = 



-A. satellite could, send bade information in 
the binary system in any "way that "was 
needed: 

A satellite may transmit any number by 
transmitting back only t"wo different musi- 
cal notes or tones. A. high note could indi- 
cate the digit C l) and a lo"w note the digit 
CO). Beep, Beep, Boop could stand for the 
binary numeral 1 1 O which means 1 C4) -b 
1C2) -b OCD or 4 -b 2 -i- o = 6. This ciould 
represent six things or be the digit 6 in a 
base ten nurneral. H[o"w could you send the 
digits 5 and 6 representing 5 6 with 
and boOjPA’/' Think up others. 

'When Idariner I'V' passed by Nlars it sent 
pictures of the hlartian landscape using 
binary nunrtbers. M^ariner IV’s camera saw 
"the IVtartian ; landscape in terms of dif- 
terent light intensities. The electronic 
equipment onboard the spacecraft inter- 
preted various light intensities as different 
numbers and then transmitted each number 
back to Earth- On Earth each number "was 
translated back to a light intensity and the 
picture of idars "was constructed. Figure 
III-ll. 




MOSAIC OF TIROS PHOTOGRAPHS 




Figure 



SaH helped to develop models of the world’s weather. Before 1960, 

weather .. ' .ns were limited, and weather naps contained vast blank regions over 

oceans, deserts, and other sparsely populated areas. „ , _ weather 

Since April 1, 1960, NASA TIROS (Television Infra Red Observation oatellitg Weather 

satellites have enabled meteorologists to obtain photographs of large areas of Earth and 
therefore to deal with weather on a hemispheric or even global basis. + u + 

TIROS photographs look much like the cloud cover over Earth, but must be transfe 
to charts to produce a geometric model for detailed weather andysis. ^ ^ _ 

Figure III- 12 shows how TIROS I made history by yieldmg data which relatea^c 
patterns to weather. The top photograph in Figure III- 1 2 is a mosaic of TIROS 
covering about one-fourth of Earth’s surface. The lower picture is of a weather map based 

Frortto weather map, meteorologiats are able to identify anddocate areas of low pre^ 
sure L, indicating cloud cover and possibly precipitation, or high pressure arMS,H, with 

clear skies and fair weather. He is also able *o esti- 

fronts and, , warm fronts. From the position of the front, he is able to esti 

mate when the weather will change at a given location. 
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Figure III- 13 



To obtain more complete coverage of 
Earth, TIROS IX, Figure III-13, was 
launched Janurjy 22, 1965. The ninth in 
the TikOS series was the first satellite to 
photograph the entire sunlit portion of 
Earth on a daily basis. 

Early TIROS satellites were placed in 
an east-west orbit and were able to photo- 
graph only 25% of Earth’s cloud cover per 
day. TIROS IX was launched into a north- 
south orbit. Figure III- 14, and was able to 
provide total coverage due to the relation- 
ship of the satellite’s movement and Earth’s 
rotation. As the satellite orbits north- 
south, Earth rotates east-west under it. 
Also, TIROS IX was placed in almost a sun- 
synchronous orbit. That is to say, the 
normal westward drift of the orbit is the 
same as Earth’s motion around the sun. 
This placed the sun continuously opposite 
Earth and provided for constant and favor- 
able lifting for the photographing of 
Earth, Figure 111-15. 




Figure III-14 



Another factor in the improved cover- 
age by TIROS IX was the position of its TV 
cameras. Earlier TIROS satellites had 
cameras on the base of the drum-shaped 
spacecraft. At times, when the base was 
turned away from Earth, the cameras looked 
into space. TIROS IX’s cameras were 
mounted on opposite sides of the drum. 
As the satellite slowly “cartwheeled” 
through space, the cameras photographed 
Earth as it came into view. Figure III-13, 



ORBIT PLANE 




Figure III-15 
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Figure III-l 6 



From analysis of early weather models, 
meteorologists realized that accurate pre- 
diction and understanding of weather dy- 
namics could only result from more com- 
plete observations of greater areas of the 
globe which would have to be taken from 
greater altitudes above Earth. The two 
major techniques used to provide this in- 
formation are sounding rockets. Figure III- 
16, and the TIROS, TOS, Nimbus, and 
ESS A meteorological satellite programs. 
(The ESSA satellites of the Environmental 
Science Services Administration of the 
Department of Commerce utilize TIROS 
technology on an operational basis.) 

Construction of meteorological models 
and weather charts requires mathematical 
data on cloud cover, atmospheric pressure, 
winds at various altitudes, temperature, and 
moisture. 

These data can be secured by radiosonde 
stations which send .balloons aloft several 
times daily. Each balloon carries equipnient 
to provide data on atmospheric wind, 
pressure, temperature, and moisture. This 
balloon technique secures a vertical sampl- 
ing of the atmosphere up to about thirty 
kilometers (18 miles) above the surface. 
Figure III- 17. 
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THE MEASURE OF OUR ATMOSPHERE 






“Explorer Flight Successful” -So read the 
headlines in November 1935, referring to 
the then amazing flight in which two men, 
sealed in a metal gondola, flew a balloon to 
the astounding altitude of 72,395 feet 
(about 22 kilometers) and returned safely 
to Earth. In January, 1958, another 
“Explorer” flew succegsfully, this time to 
orbit Earth, at altitudes exceeding 1000 
miles (over 1 ,600 kilometers). The mission 
of both “Explorers” included “scientific 
exploration of the upper atmosphere.” 
Man’s idea of “the upper atmosphere” 
changed in those 23 short years. This 
chapter illustrates how scientists have de- 
veloped ways to measure a now very near 
and important part of space — the atmos- 
phere. 

Until the development of powerful rock- 
ets during World War II, almost all research 
of the upper atmosphere (Figure IV-2) was 
limited to observations which could be 
made from the ground or by instruments 
carried by balloons. Instruments carried 




aloft by these balloons could seldom achieve 
altitudes greater than about 30 kilometers 
(18 miles). Sounding rockets have been 
developed to help fill this void between the 
instrument carrying balloons arid the orbit- 
ing satellites, Fi^fe lV-3. The sounding 
rockets have been immensely valuable in 
collecting information about our upper 
atmosphere. The sounding rockets are simi- 
lar to those vehicles used in the exploration 
of space, but are usually smaller. Their 
altitude is limited so they do not depart 
from the environment of Earth which they 
are designed to explore. 

The Earth and its atmosphere. Figure 
IV-4, can be thought of as a “system.” At 
Earth’s surface, gaSeS and other materials 
are leaving the atmosphere to become part 
of solid Earth. WHat do you think hap- 
pens to the materials which enter the 
lower atmosphere, from Earth? Some will 
work their way into ihe upper atmosphere, 
and some substances in the upper atmos- 
phere will move down into lower layers. 
Considerable “trading” has occurred be- 
tween the parts of the Earth-atmosphere 
system. 

But what happens at the outer bounda- 
"ries of- the atmosphere? More trading 
occurs. Substances which once were part 
of solid Earth leave. New materials are 
captured from space to one day beconie 
part of solid Earth, Figure IV-5. Studying 
the v.'ay these “trades” are being made 
(and have been made from Earth’s be- 
ginning) could provide information about 
Earth: both now and at the time of its 
formation. 

In order to better understand Earth 
today, we need to know when, where, and 
to what extent changes and events are 
taking place in the upper atmosphere. To 
do so requires the ability to locate and de- 
scribe phenomena as they occur. 

The concept of a “system” is important 
in science. Select a group of objects at 
random. Devise a system in which each 
object is an integral part of an operating 
system. For example a ruler, a protractor, 
an art gum eraser, and a pencil could be 
made into a “teeter-totter” system, (Figure 
IV-6). A glass, some water and a cork 
stopper could produce another; pieces of 



wire, a socket, a dry cell, a switch, and a 
cell holder would be another. When the 
various parts act together, we have a sys- 
tem, In a system, changes in one part, pro- 
duce changes throughout the system. 

Not all scientists carrying out research 
of the upper atmosphere are interested in 
the same phenomena. Each experimenter 
requires specific data, such as obtained 
from a particular altitude, or c ciding 
with special events taking place on a sun, 
or timed with passages of a satellite over- 
head, Figure IV-7, 

Meteorologists ask: “What factors pres- 
ent in the upper atmosphere affect the 
weather?” In the troposphere, the lowest 
layer of atmosphere where nearly all 
weather is “made,” changes in temperature 
and pressure, wind speed and direction, 
humidity, precipitation and cloud cover 
affect the system which we call our weather. 



In addition to reporting present weather 
conditions, the purpose of the measure- 
ments is to note any trends or patterns 
that seem to be developing. When a pattern 
in the Earth-atmosphare system, is de- 
tected, it is possible to make certain pre- 
dictions as to what the weather is likely 
to be in the near future. 

To make these predictions, we must 
rely upon the fact that the trop' sphere 
consists of gases which are free to aow or 
move withi" the system under tfc com- 
bined effect of all forces acting up . . them. 
Upper layers of the atmosphere cc nsiat of 
gases which rest upon the lower !ayers. 
Changes taking place in the upper !c> srs of 
the atmosphere may result in various scrces 
being exerted upon lower layers. 

The upper atmosphere is, therefore, 
studied because of its unique position with 
respect to space. We need to know what 
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effects are produced by phenomena such 
as incoming solar radiation, solar wind, 
meteors and cosmic rays. These data may 
provide evidence related to phenomena 
such as anrofR netic storms, and night 
tljw. The a of uiie upper atmos- 
phere are subjected to many external and 
internal forces. They react to these forces 
accordingly. 

The nature and behasuor of gases near 
the surface of Earth J*aiS occupied the 
attention of a large niambf r of scientists 
Figure IV-5 for a great many years. Moare recently, the 

necessity of understandfeg the behavior of 
gases^ and fluids at ingh altitudes has 
occupied the attentionsof space scientists. 
On July n, 1929, Dr. Eabert H. Goddard 
was the first investigator to succe^fully 
launch a , scientific paylosaS. This first pay- 
load consisted of a barGEneter, a thermom- 
eter and a camera. FigauS IV-8 shows Dr. 
Goddard, second from" Ste right, with col- 
leagues holding the roclra used in the flight 
of April 19, 1932. 

At any gi\'en time, a reasonable de^ 
scription of the state a gas is provided 
Figure lV-6 by measuring three fqaantities; density, 
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temperature, and pressure. Difficulties in 
measuring the volume of the atmosphere 
surrounding Earth are apparent. Since 
density is closely related to volume, the 
measurement of density can be substituted 
as an indirect method in the measurement 
of volume. 

What shall we measure? We must learn 
to measure (1) density, (2) temperature, 
and (3) pressure. 

You have probably made many atmos- 
oheric measurements such as pressure, 
temperature, cloud formations, precipita- 
tion, etc. The data that you have collected 
is similar to information obtained from 
scientific upper atmosphere measurements. 

Try this: During a one week period make 
a number of different measurements in re- 
lation to Earth’s atmosphere. Select specific 
times to make your measurements - several 
hours apart three or four times each day. 
Develop charts, graphs, tables, etc. to 
record your observations. How many dif- 
ferent kinds of data can you gather? (You 
will need a physics text and one for geom- 
etry and to know how to use the index.) 
Include some of the following in addition 
to others you may devise. 



a. Make a mercurial barometer. Record 
atmospheric pressure readings in millimeters 
of mercury. 

b. Record air temperatures in different 
locations around your home and schook 
Select open, paved, grassy, shady, or, wood 
areas. Use a centigrade scale thermometer. 

c. Use an anemometer to record wind 
speeds. Record data in kilometers per hour. 
Make measurements in different locations. 

d. Record vane revolutions per minute of 
a Crookes radiometer placed in different lo- 
cations. Devise filter ^sterns for use when 
revolutions are too rapid to count. 

e. Take measurements with a light meter 
and record values in foot candles. Use a 
solar cell with a voltmeter and record values 
in millivolts. Compare results. 

f. Use a geiger counter and record back- 
ground “noise.” 

g. Devise methods of determining cloud 
height, speed, and cloud types. 

h. Launch, helium balloons. Record 
direction, speed, rate of ascent and altitude 
when last visible. 

i. Use a radio to determine long-distance 
radio reception. Compare broadcast, long 
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v/ave and short wave, bands. Use maps or 
a globe to show station locations and 
distances in kilometers. List station fre- 
quency in kilocycles or megacycles per 
second. 

j. Determine what gaseous and solid 
particles are added to the atmosphere by 
automobile, industry, homes, etc. in your 
own community. 

k. Develop means of determining visi- 
bility distance. 

l. Use a simple method, suen as that 
shown in Figure IV-9, to estimate air 
turbulence. 

Volume is the term used to describe an 
enclosed space. Stated in another way, 
volume is the measure of the amount of 
space enclosed within defined boundaries. 
Volume has three dimensions, length, width 
and depth or height. Units used to express 
volume are called “cubic units, such as 
cubic inches or cubic centimeters. The 
development of the measurement of volume 
from units of length is an intriguing story, 
and may provide some interesting reading 
for you. 

Measuring volumes of gases at the surface 
of Earth is practical, for a gas may be en- 
closed within containers ot fixed dtoen- 
sions. Measuring volumes of gases high in 
the atmosphere presents new problem^ 
Gases in the atmosphere are not enclosed 
within containers, and the atmosphere itself 
may not have measurable boundaries. Fig- 
ures IV-10 and IV- 11 illustrate some of the 
difficulties of placing a package of measure- 
ment instruments into orbit. Figure IV-1 1 
shows Explorer XIX fully inflated whereas 
Figure IV-10 shows the same satelUte 
packed into its canister and extending 
outward from the fourth stage of a Scout 
launch vehicle. 

One way to solve this problem is to 
obtain samples of gases from the atmos- 
phere. When samples are collected however, 
the volumes of the samples are prede- 
termined by the sizes of containers used 
for collection. Consequently, if all samples 
have identical volumes, some other unit of 
measurement must be used to compare 

them. / 

A common method for companng one 
sample with another is to measure the 
amount of material in each. The amount 
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of material present in a substance is called 
its mass, not its weight. 

Weight is often defined as the force of 
attraction which exists between a mass and 
Earth. Mass remains the same for any 
place. Your mass, your number of atoms, 
will be the same on the moon as on Earth, 
However, since the moon’s gravity is less 
than that of Earth, your moon weight 
would be less than your Earth wei^t. 
Your weight on Earth wUl also vary at dif- 
ferent Earth locaions: the Equator, at the 
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Poles, in a deep mine, on a mountain top, 
etc- To change the mass of an ohject it 
would he necessary to alter the number of 
atoms it contains. As the Aerohee rocket 
successfully lifts off to the atmosphere, 
(Figure IV- 1 2) its weight changes as the 
distance from Earth increases and both 
weight and mass are decreasing as rocket 
fuel is consumed. 

Suppose a sample of air is obtained from 
the troposphere, and the mass of this 
sample is measured as <5 AVith a 

sounding rocket, a sample of air w^ith equal 
volume is recovered froxn the upper atmos- 
phere. The mass of this sample is measured 
as I grcim^ Which of the following state- 
ments would be a better conclusion to draw 
from this evidence? 

a. The mass of the air in the upper 
atmosphere is less than the mass of 
air in the troposphere. 

b. Volume for volume, the mass of the 
air in the upper atmosphere is less 
than the mass of air in the troposphere. 

Only masses of small volumes of air were 
measured, not masses of the entire atmos- 
phere, but the Vdlurnes were eqaal^ On 
what basis could masses of samples be com- 
pared if volumes were hot equal? This is a 
question of some practical inaportance. 
IVIeasuring instruments carried as payload 
on rockets are limited by the size and shape 
of the rocket itself. 

!N<lasses of samples can be cornpared bnly 
if the mass of each sample is related to its 
volurne. T illustrate, suppose that one 
sample of air reedyered has a volurne equal 
to STO rrii- (xhilliliters) and a rhass equal to 
27;grams. , 

W^halt^ w be the rnass of 1 rnl. of this 

sarnple? \Vhat be the rnass of 1 xril: 

of a sample with volume equal to S 60 ml. 
and mass equal to 25 grains? To find these 
answers it is necessary for yqu to divide the 
measure of mass by the rneasur e of 
for each s^ample:. As a result of this division, 
the samples are described as having a certain 
measure of rnass each unit of rpolume^ 

This is the ddneept of 

Scientists would define density as the 
mass per unit of volume. V IMathematiciahs 
would define it as E> — M!/V , which is read 
as: •"density equals rnaiss divided by 

volume.’* You Avill also notice that density 



Poles, in a deep mine, on a mountain top, 
etc. To change the mass of an object it 
would be necessary to alter the number of 
atoms it containi>, As the Aerobee rocket 
successfully lifts off to the atmosphere, 
(Fig^ure IV- 12) its weight changes as the 
distance from Earth increases and both 
weight and mass are decreasing as rocket 
fuel is consumed. 

Suppose a sample of air is obtained from 
the troposphere, and the mass of this 
sample is measured as 6 grams^ With a 
sounding rocket, a sample of air with equal 
volume is recovered from the upper atmos- 
phere. The mass of this sample is measured 
as 1 gram^ Which of the following state- 
ments would be a better conclusion to draw 
from this evidence? 

a. The mass of the air in the upper 
atmosphere is less than the mass of 
air in the troposphere. 

b. Volume for volume, the mass of the 
air in the upper atmosphere is less 
than the mass of air in the troposphere. 

Only masses of small volumes of air were 
measured, not masses of the entire atmos- 
phere, but the volumes were eQViah On 
what basis could masses of samples be com- 
pared if volumes were not equal? This is a 
question of some practical importance. 
Measuring instruments carried as payload 
on rockets are limited by the size and shape 
of the rocket itself. 

Masses of samples can be compared only 
if the mass of each sample is related to its 
volume. To illustrate, suppose that one 
sample of air recovered has a volume equal 
to 870 ml. (milliliters) and a mass equal to 
27 grams. 

What would be the mass of 1 ml. of this 
sample? What would be the mass of 1 ml. 
of a sample with volume equal to 860 ml. 
and mass equal to 25 grams? To find these 
answers it is necessary for you to divide the 
measure of mass by the measure of volume 
for each sample. As a result of this division, 
the samples are described as having a certain 
measure of mass for each unit of volume. 
This is the concept of density^ 

Scientists would define density as ‘^the 
mass per unit of volume.” Mathematicians 
would define it as H> = M/V, which is read 
as; “'density equals mass divided by 
volume.” You will also notice that density 
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varies directly with mass and inversely with 
volume. The principle is the same. Density 
is calculated by dividing the measure of 
mass by the measure of volume. 

When density is stated, units of measure 
must always be included. Thus, the density 
of the first sample of air would be stated 
as 0.031 g/ml., read as “zero point zero 
three one grams per milliliter” or 31 
thousandths grams per milliliter.” The 
mass of the second sample would be 
stated as 0.029 g/ml., read as “zero point 
zero two nine grams per milliliter,” or 
“29 thousandths grams per milliliter.” 

Do you think these two samples of air 
could have been obtained from the same 
place at the same time? Give your reasons. 
If the second sample was obtained from a 
higher altitude than the first sample, what 
might you hypothesize about the nature of 
the atmosphere? Remember density de- 
creases as altitude increases. 

Defining our problem about the atmos- 
phere in another way, we say “density is a 
measure of the amount of material present 
within a given space at a given time.” Due 
to this fact we consider both volume and 
denaty to describe samples from the upper 
atmosphere. With this in mind, imagine 
that you are riding at a speed of 20 kilom- 
eters per hour in a motor boat, and you 
stick your hand up into the air. Imagine 
the push of air on your hand. Now imagine 
that you cautiously place your hand^into 
the water alongside the boat as it continues 
to move at 20 kilometers per hour, (Figure 
IV-13). Compare the push on your hand 
made by water with the push made by air. 

Next imagine that you are an astronaut 
in a spacecraft orbiting around the earth 
at 17,500 mph. As you prepare to leave 
your spacecraft to take a “walk in space,” 
you open the hatch and cautiously raise 
your hand (Figure IV-14). Imagine the 
force you would feel on- your hand and 
compare it with the force from the water 
and air. Which would you expect to be 
most dense; Water, air or “empty” space? 
Least dense? Give your reasons. 

Answers to these questions can be made 
on the basis of the amount of push or force 
against your hand due to resistance offered 
by substances through which your hand is 
moving. The greater the density of the 
material, the greater the resistance; or the 
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greater the resistance, the greater the density 
of the material. 

With your hand you made a crude 
measurement of the density of air and 
water. Your measurement was only to de- 
termine which was gi'eater or which was 
less. How can we refine this method 
of measuriiig so that it will provide accurate 
information about atmospheric density? 

One group of scientists worked out the 
following system. Imagine a light hollow 
sphere being released from a sounding rocket 
at the very top of its trajectory. Figure IV- 
15. As the sphere falls back to Earth, it must 
pass through the atmosphere. Since the 
falling object is spherical, resistance of the 
athiosphere will iways be directed against 
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an equal amount of surface areal .The rate 
at which the sphere falls depends upon the 
resistance of the ^ it is falling through. 
The amount of resistance depends upon 

density of the air. v -ll-' 

Therefore, the rate of descent can be 
used to indirectly measure air density at 
various altitudes. Radar measurements pro- 
vide continuous information about the rate 
at which the sphere is descending. Addi- 
tional data from this method inelude the 
sidewardlmotion of the sphere during the 
free fall which in turn provides information 

concerning wind speed arid direction in the 

upper levels of the atmosphers. Figure 
IV- 16 illustrates a ■ type of sphere used for 



experiments above 30 kilometers. Space 
scientists determine atmospheric density by 
this method. 

Figures IV- 17 and IV- 18 are graphs 
showing the results of one such experi- 
ment. Figure IV-17 shows the radar plots 
of ititude and the computed rate of 
descent for each altitude. Figure IV-18 
gives atmospheric density calculated for 
each rate of descent of the sphere. 

Use these two graphs as sources of in- 
formation to build a new graph as in 
Figure IV-19, showing the density of the 
atmosphere compared to altifode. For 
example, at 40 km the rate oi descent is 
40 m/sec from Figure IV-17, aaid a rate of 
descent of 40 m/sec indicates a density of 
4.0 gm/m^ from Figure IV- II 8. So on 

Figure IV-19, at altitude 40 km, plot 
density as 4.0 gm/m^ . Secure graph paper 
as in Figure IV-19 and continue to plot the 
other values and then connect your plotted 
pointe with a smoothly curved line. 

The completed graph wil show the 
density of the atmosphere as it was meas- 
ured to be on a particular day. Many such 
measurements must be made from a number 
of different locations before a complete 
picture of the density of the atmosphere 
can be well known. 

Use the graph you have constructed. 
Figure IV-19 to determine the density of 
the atmosphere at an altitude of 50 km.; 
55 km.; 65 km. 
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You should find 1 . 1 gm/m^ , 0.60 gm/m^ 
and 0^21 gm/m®. 

Imagine you are a scientist working on a 
project concerned with the study of the 
atmosphere of Mars, and entrusted with 
designing an experiment to measure density 

of the Martian atmosphere. From 

know about the Martian atmosphere, what 

changes or modification in the sphere drop 

metuod of measurmg density might you 



investigate? How would the lack of ground 
stations for radar; telemetry; allowances 
for probable mass of Mars; and unknown 
Martian winds influence your thinking? 
Remember all you have learned about the 
measurem.ent of gases. 

The density of a gas is influenced by 
temperature. Temperature is something 
all of us have learned about intuitively in 
much the same way we have learned about 
t rightness of light, shadings of color, loud- 
nesSs: sound, or smoothness of textxire. 

JkSlthcjasgh wre can “feel” temperature, we 
iiieedtE) kno’S"' about its measure. 

If <^ed T® describe what is meant by 
tesgjerature, . a common answer is, “item- 
jserantuie is hcsw hot or how cold something 
is.” This lasDlies that an entire range of 
te;m 23 t'ratures must exist. Cool, warm, icy, 
searipife lukewarm, balmy, hot, or cold are 
bsit A £ew wfurds used to express tempera- 
tmress. These words are descriptive — they 
describe how the temperature of an object 
“feeis.” A. temperature value could be 
assBsgned to =each term. Using the proper 
tesm, it is possible to communicate to 
sfimeone else the description or value of 
the temperature which a certain object 
possesses. 

Use Figure IV-20 to develop a scale of 
descriptive terms. Ask others you know to 
prepare similar lists. Compare lists. Par- 
ticularly notice words used within specific 
temperature ranges. If others are asked to 
describe or place a value on this same 
tem-peratiire, a major weakness of the scale 
becomes apparent. ^ A descriptive scale is 
subjective — A persrjnal estimate of judg- 
ment or opinion is required by each person 
using it. Prove this subjectiveness to your- 
self very quickly. Listen to the comments 
of your classmates as they describe the 
temperature of outer space, or the surface 
of the sun, or the heat shield of a space- 
craft as it re-enters the atmosphere, Figure 
IV-21. Words chosen to describe tempera- 
tures vary from person to person. We soon 
know that we cannot adequately describe 
temperatures without using numerical 
values to describe the measure of “hot,’ 
“cold,” “warm,” etc. 

Describing temperature with numerical 
values rather than words has interesting 
possibilities. It is possible to express a 
^sater -ange and variety of tempenatures. 



Each, nixmexal has a fixed value while the 
value of a wox'd. depends upon judgment 
of the .user. If temperatures can be ex- 
pressed as numerals, then instead of esti- 
mates, temperatures can be measured. 

Temperatures are measured with ther- 
mometers. It may seem that to measure 
the temperature of the upper atmosphere, 
it is only necessary to send up a ther- 
mometer, and the temperature would be 
expressed as a numerical value. Figure IV- 
22. Unfortunately, all is not that simple. To 
understand why, we must find answers to 
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balloon will become partially inflated as 
shown in Figure IV-24a. The circmnference 
of the balloon can be measured with a piece 
of string as shown in Figure I V*24b . Finally , 
if the bottle-balloon system is removed 
from the pan of warm water and allowed 
to cool, the balloon will slowly collapse to 
a position similar to its original position as 
in Figure IV-23. Could the air in the 
bottle change •'’olume during 1:his activity? 
What evidence supports your answer? Sup- 
pose the bottle-balloon system were placed 
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Figure IV-25 



in the refrigerator — c you pj'sdict what 
might happen? 

Consider these queistaons; How can you 
check the accuracy c'.J your gjrediction? 
How was a ternperatiiTre. change converted 
into ai number? 

Fiili a bottle t<o the tr .p with water. Add 
a fe w drops of food cc .lorimg to make the 
water easier to ofeservK;^ Sellect a one-hole 
stopper of the r^t sfe:$to fit ti^tly into 
the bottle. A piece oif glass tubing about 
12-15 cm long is pushecf tlirongh the hole 
in the stopper so that it^projecJis out of the 
bottom of the stopper 4bout 2 cm (Figure 
IV-25). Use extcremp- care in pushing the 
glass tubing through tcne stopper. To avoid 
injury or breakage, do mot force the tubing 
tlurough the stopper. (A small amount of 
soapy water, or glycerisie may be used to 
lubricate the stopper anssi tubing so that the 
tubing will slide more eaisily.) 

The stopper is fitte-d tightly into the 
mouth of the bottle #jid forced down 
slightly so that some w. .ter is displaced up 
into the glass tubing figure IV-26). The 
position of the water in the tubing can be 
marked with a grease pencil or a small 
piece of masking tape. 

After the bottle has been transferred to 
a pan of water quite warm to the touch, 
the system is observed for changes. 3 to 5 
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J^lUiUtes later, the position of the liquid in 
the tube will be higher than the original 
Position as illustrated by Figure IV-27. 
This change in position may be measured 
'Vjth a ruler. 

Nejct, the bottle is removed from the pan 

warrn water and allowed to cool. The 
Water in the tubing may not return to its 
<^riginal position. 

Jf it should not, could you offer a pos- 
sible explanation? Did the water change 
^oJume in this activity? How was the 
tepipcrature change converted into a num- 
ber? Remember what we have discussed so 
far about density. 

We can also use a measure of the physical 
Properties of wire to measure temperature. 
Take a piece of fine wire (about B & S gauge 
^24 or #26). About 50 cm of the wire is 
Svispended horizontally between two firmly 
lijced supports, but not tightly stretched, 
Tigure lV-28. A weight, such as a small 
juice Can filled with water or sand is sus- 
pended from the wire so that the weight 
Swings freely. The vertical distance from 
the table surface to the bottom of the 
Weight is measured with a ruler (Figure 
iV-29). 

A portion of the wire is then heated 
Using a small flame from a candle, alcohol 
lamp or small burner. (Caution; If you 
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carry out this activity, use extreme care 
with open flames. Never allow any part 
of your body or portion of your clothing 
to come close to a flame. Girls must be 
especially careful with their hah.) 

If the vertical height of the weight is now' 
measured it shows the weight is lower than 
its original position. Next heat a larger 
portion of the wire by moving the flame 
back and forth along it slowly. Again, the 
hei^t of the weight above the table top is 
measured. What do you predict about this 
measurement? 

If the wire is allowed to cool, and the 
height of the weight is measured, how do 
you predict this measurement will compare 
with the original measurement? Be very 
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careful when you answer the next question. 
Consider the evidence you have available. 
Did the wire change volume during this 
activity? 

Although generalizing from a small num- 
ber of observations can be dangerous, it 
appears that a relationship has been dis- 
covered. It appears that matter expands 
when warmed and contracts when cooled. 
The danger of generalizing from so few 
observations will become very apparent if 
you substitute a long rubber band for the 
wire, or cool the water down to freezing. 
It also appears that the amount of expan- 



sion or contraction is related to the amount 
of temperature change, so not only can 
temperature changes be detected, but the 
amount of change can be measured. Per- 
haps you can think of some ways to use 
each piece of equipment just described as 
a thermometer to measure temperature? 
What advantages or disadvantages will each 
have? How might these thermometers be 
improved? , : 

Perhaps the most common thermome- 
ters are those constructed of a glass tube 
filled with a liquid, usually alcohol or mercu- 
ry, Figure IV-30. Most of the liquid is con- 
tained in a bulb attached to one end of a long 
stem. A very fine opening, called a capillary 
tube extends down the center of the long 
stem. When the liquid expands, it is 
“pushed down” the capillary, and when 
cooled it contracts and is “pulled” back 
into the bulb. The total volume of the 
capillary is so small, that a very small 
change in the volume of the liquid pro- 
duces a large displacement in the position 
of the liquid in the capillary. In this way 
small changes of temperature can be de- 
tected, but since the stem is usually long, 
these changes can be detected over a large 
range of temperatures. 

Refinement and miniaturization of the 
instruments you have just investigated en- 
able scientists of our space age to find out 
a great deal about the- upper atmosphere 
without actually going there. 
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We ean e>c jpanci wlaat we Ictxow t>y our afc>il— 
ity to iTi e.3 svi re aociarately. Tti e result of* 
tiro u sands of years of measuring , t Ir inIcing ^ 
an d calculating Irave t>een saved and jr assed 
on to y ou _ Tire dejr tlr s of space Irave 

yielded some of tlreir strange and impres- 
sive secrets, IVIu dr of tire new description 
of space Iras t>een gained t>e cau se 'w c Irave 
learned to interpret tire “jumlrled language” 
of liglr t and o tlrer electromagnetic radiation _ 
We Irave Icnown for a long time tlr at 
nrany forms of ra dia tion reaclr ar t ir from 

outer space- Only recently Irave -we been 

able to develop instruments and tedmiques 
to “craclc tire code.” I n every case rve Irave 
found tlr at irretlrods of measurement were 
only good for a sir or t time . Eventually, t be 
objects we needed to measure 'were too bi g - 
too small, too close, or too far away to be 
measured directly. So 'we Irave bad to in- 
ven t indirect 'ways of measuring tbings 
'wbicb 'we cannot toucb , turn , or arrange in 
order to nr a lee our task possible , 

E or tun ate ly , tbese excursions into tire 
unknown are not so complex tbat only a 
specially trained person can Irave some un- 
derstanding about tbem, _ "V'ou step on a 
scale to measure your 'weiglrt, and you 
stand next to yard sticks to measure your 
Ireigbt- If you measure your beigbt and 
■weigbt tbis 'way, you are measuring di- 
rectly. It would not be as easy to measure 
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the height of something as tall as Saturn V, 
Figure V-3. You could climb to the top of 
the gantry and measure one tape length at a 
time until you got down, but this would be 
difficult. It would probably be better and 
easier to measure this larger distance inr 
directly. 

Space science had its start far back in 
the misty beginnings of human history. 
Ancient man stood alone under the splen- 
did twinkling of the night sky and he won- 
dered. The questions that came to his mind, 
stirring his curiousity, are similar to the 
thou^ts you would have today. Questions 
about stars come to mind easily. How far 
away are they? What are they? These and 
aU the other questions can be answered only 
if we measure. But what is there about a 
star that you can possibly measure? 

The invention and development of the 
telescope has not changed what we can 
measure. Even with me 200 inch Mt. 
Padomar light-collector, we still measure the 
brightness and position of stars to obtain 
the fundamental measurements ne^ssary 
to des^be space and its contents, in addi- 
tion to these two measurements, by 1800, 
space scientists learned how to make the 
li^t from a star ^ve off a rainbow — its 
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^ctrum. We get nothing else — just bright- 
ness, position, and spectrum. Figure V-5. 

The unequal brightness of the stars is 
easily seen by anyone who looks at the 
night sky. The luminosities have great 
range. Some stars are so brilliant that they 
catch our eye immediately. Others are so 
dim that they are barely spots in the dark- 
ness, Figure V-6. Between these extremes 
we find all the other possible degrees of 
brightness. 

About 1800 years ago Claudius Kolemy 
organized a book that listed the brightness 
of every star visible to the ancient astrono- 
mers. The brightness of a star as seen by 
the unaided eye was called the rha^itude 
of the star. Long before Ptolemy, it had 
been accepted that the brightness of a star 
would be classified as one of 6 deferent 
magnitudes. A first magnitude star would 
be extremely bright. About 20 st^ were 
bright enou^ to be rated 1 st magnitude. A 
star dimiher than 1st magnitude had a 
higher number such as 2nd, 3rd, 4tli or 5th 
magnitude. Fin^y the stars that were 
barely visible were called 6th magnitude. 
When telescopes came into common use, 
the system of ..magnitudes had to be ex- 
tended, for now astronomers were able to 
see many stars dimmer than the 6th 
magnitude. 

Astronomers however were faced with a 
problem. They had to figure out just what 
7th hsagtiitade would be. How much dim- 
mer than 6th; magnitude would a 7th mag- 
nitude star be? In order to do this, the 
difference between the brightness of any of 
the other magnitudes had to be measured. 
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MAGNITUDE 
Figure V-7 

In 1856 Pogson determined that this differ- 
ence was 2.5/ So a first magnitude star was 
about 2.5 times brighter than a second 
magnitude star, A 1st magnitude star would 
be 2.5 X 2.5 or 63 times brighter than a 
3rd magnitude star. Ose^ R de- 

termine how much brighter than a 7th 
magnitude star a 3rd magnitude star is. 



Are all stars of the same brightness? 
If they are then the apparent differences in 
brightness are caused by differences in the 
distance between the stars and Earth. Close 
stars would be bright and far away stars 
would be dim. 

It could also be that all stars are the 
same distance from Earth, and their dif- 
ference in brightness is caused by their 
chemical make-up. 

For a long time man did not know why 
some stars appear brighter than others. The 
answer came by studying the position of 
the stars, and their spectra. 

Stars are moving all the time. If you go 
out and look at the night sky and then 
look again an hour later, you will see that 
the stars have moved. We know that this 
apparent movement is caused by the rota- 
tion of Earth. 

The patterns of the stars, the constella- 
tions, appear to stay the same. For this 
reason the stars are sometimes called 
‘‘fixed.’’ In Ptolemy’s book “The Alma- 
gest,” he had recorded the position of the 
fixed stars. This was done by measuring 
angles. 

When we look at the night sky it ap- 
pears that we are standing at the center of 
a black dome which we call the celestial 
sphere. Since it does appear to be a sphere 
we can measure position using angles. 

In order to use angular measurement 
you must choose a startirig point. In estab- 
lishing latitudes and longitudes to measure 
position on Earth, the Equator and the 
Prime Meridian have been chosen as start- 
ing points; the extension of 

Earth’s equator on to the sky was chosen 
as one starting point. Any star on this line 
would be on the celestial equator (Figure 
V-8). 

The position of any star can be partially 
described by measuring the angle from the 
celestial equator to the star, as seen from 
Earth. The name given to this measure- 
ment is declination. Since declination can 
be above or below the celestial equator, it 
is called North (+) declination or South (—) 
declination (Figure V-9). But declination 
does not do the whole job. If a star is 
found at 25° South (—) declination, it 
could be anywhere on the dashed circle 
shown in Figure V-9. 
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Figure V-11 

meridians or lines of longitude. Celestial 
parallels of declination correspond to ter- 
restrial (earth) latitude. 



A second reference line is employed to 
locate star position. This is done by divid- 
ing the celestial sphere into hour circles as 
shown in Figure V- 10. 

Combining these two systems of imagi- 
nary lines on thi? celestial sphere (Figure 
VtI 1), the hour circles coirespond to earth 



If you imagine Figure V- 10 sliced in 
half at the celestial equator, you have space 
cut up like an orange (Figure V-1 2). When 
this is done, we are able to meaisure angles 
around the celesrial equator. But we need 
a starting point for space measuremehts just 
as we need the Prime Meridian for terres- 
trial measurement. AStronpiners selected 
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the place where the sun appears to cross 
the celestial equator on its trip North. 

There are two days each year when the 
sun is directly over the equator. These 
days are called equinoxes because the hours 
of daylight (12) and the hours of darkness 
( 1 2) are equal. The equinox that marks the 
beginning of Northern hemisphere Spring 
occurs when the sun crosses the celestial 
equator on its way North (Figure V-13). 
This point is called the vernal equinox and 
is used as a beginning place in measuring 
angles eastward along the celestial equator 
(Figure V-14). These angles are called right 
ascension and are measured from the vernal 
equinox to the point where the hc’ir circle 
of a star intersects the celestial equator. 

Right ascension angles, for convenience 
in astronomical measurement by clocks, are 
also expressed by hours, minutes and sec- 
onds. Thus, a right ascension coordinate of 
15° would be orie hour of time. 

RIGHT 

ASCENSION DECLINATION 

ALDEBARAN 60.5° (4h 34') 16° 26' NORTH 

RIGEL 75.2° (5h 13') 8°. 14' SOUTH 

BETELGEUSE 75.9° (5h53') 7° 24' NORTH 

CASTOR 105.5° (7h 32') 31° 58' NORTH 

MERAK 165° (11 h 00') 56° 34' NORTH 

Figure V-1 5 

We find, then, that the position of a star 
can be described by giving two _ angles. 
These angles are called' right ascension and 
declination. The position of some well 
known stars is given in Figure V-1 5. In 
1718 Halley discovered that the positions of 
the “fixed” stars were not fixed. He found 
that positions of stars had changed. They 
were not in the places given in Ptolemy’s 
Almagest. This opened a new age in astron- 
omy. Within 20 years, the distance to a 
star was measured. 

The light from stars can also tell us 
much. If we analyze it we have some idea 
of the composition of a star, what it is 
made of. When we notice the beauty of a 
rainbow, sunlight falling on raindrops, we 
are really seeing light broken into a spec- 
trum. When light passes through triangular 
shaped glass, the light is broken up into a 
spectnim. Isaac Newton was the first to 
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investigate this. No matter how this is done, 
the spectra are always in the same order: 
red. orange, yellow, green, blue, and violet. 

You can investigate this “rainbow” if 
you have a glass prism (Figure V-16). Bet- 
ter still, you can make a simple spectroscope 
in just a few minutes if you follow the di- 
rections below. With a spectroscope you 
can examine spectra of incandescent lights,, 
fluorescent lights, sunlight, oi- other light 
sources. 

. The principle behind the formation of 
spectra is best explained by imaging that 
light has properties similar to waves on 
water. When waves come from different 
sources, they interfere with each other. 
Sometimes the light waves add together and 
makd bright bands. At other locations they 
subtract from each other, producing bands 
of darkness. This is what happens when 
light goes through a replica diffraction 
grating.; ^ 

It is one thing to read about spectra. It 
is far better to see one for yourself. A 
spectrometer c^ be made earily^ Here is 
what you need: 

\. Replica diffraction gra/zng. This is 
what makes the spectrometer work. 
If you cannot get one in school, they 
can 5 be purchased trqm sc^^^ 
supply houses for about ; 25 0 , or 
borrow one from a physics teacher. 

2. Razor blades. A double-edge blade 
can be broken in half so that the 
two edges can be used. For safety 
reasons you may prefer to use two 
single-edge blades. 

3. Cardboard box. It must come with 
a removable top. The box has to be 
deep enough to hold your d;iffractiori 
grating. This is probably a little 



over two inches. The box can be 
any depth more than this. The box 
should also be about twice as long as 
it is wide. A shoe-box usually does 
a fine job. 




Gut a slit in the far left side of the nar- 
row end of the box. The position of the 
slit is shown in Figure V- 17. The slit should 
be about 1/8 inch wide and 1 inch high. 
Fasten the razor blades so the slit is very 
narrow, less than 1/32 inch if possible. 
The two edges must be parallel. 

Cut a circular hole about inch in 
diam^eter in the near left comer. Make 
sure that the center of the hole is on a 
straight line with the slit at the other end. 
Now cover the eye hole with the replica 
diffractiori grating. Before you tape the 
grating in place bb sure you have it posi- 
tioned properly. The rulings should be 
vr itical. M^e sure you can see a spectrum. 
Put the top on the box. 

At this point you have a spectroscope. 
If you look in the eyehole, and point the 
slit at a light Source, you will see a spec- 
tmm off to the right. But ail you can do 
at this point is look; If you want to be able 
to measure, you need a scale. You can 
make a scale on any piece of white paper. 
Mark the paper at the distances shown in 
Figure V-18. If your spectrometer is 
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give US different colors; ' One angstrom is 

O.OOOObOOl centimeters (Chapter II). It 
may be too dark inside the box ^td see the 
scale. If this is true, cut a small rectangulM 
opening, in the top of the box. This 
opening is cut above the scale. Now you 
are ready to use your spectrometer. 

1. Allow light to enter the slit. 

CAREFUL DO NOT LOOK AT 
THE SUN: DO NOT ALLOW THE 
IMA GE OF THE SUN TO BE IN 
iSL/T; Look a^^ 

your scale. Examine it. Note 
order of the colors. Notice if thdy^^^ ' 



blend into each other. By definition, 
the colors are divided at the following 
places on your scale: 

Violet — less than 4,500 
Blue - 4,500 to 5,000 
Green — 5,000 to 5,700 
Yellow - 5,700 to 5,900 
Orange — 5,900 to 6,100 
Red — more than 6,10 

Place a piece of red cellophane in front 
of the slit. Notice if any of the colors are 
absorbed. Try other colors of cellophane, 
or coloEed glass. In each case, compare the 
color of the absorber and the colors trans- 
mitted. 

2. Look at a flourescent light. Notice 
the bright lines on the spectrum. 
Notice the scale positioia. Look for 
bright green at about 5,000 A, and 
yellow about 5^800 A. 

3. Bum some salt in a gas flame in a 
dark room. Look at the spectmm. 
This time you get no rainbow, in- 
stead you see a bright yellow Ime at 

: 5 ,900 A. 

I^^^ ^ Frauiihdfer was using 

an improved version of the spectrometer. 
When he looked at sunlight, he discovered 
that the entire spectmm was; marked by 
hundreds of black lines. Some' were darker 
than others. He made a map of these lines 
as shown in Figure V-1 9. If you are iiiter- 
ested in spectra and the abbreviations 
shown below get yourself a good physics 
book and a chemistry book and read about 
:■ Them. v^;V 

Did you see these lines when you looked 
at siinh^t through your spectroscope? 
No. Try this technique. 

Take your spectrometer and fasten a 
piece of wax paper over the sht. The pre- 
cautions given here are necessary. Under 
no condition should you point the slit of 
your spectrometer directly at the sun. 
Instead, place a piece of plate glass on top 
of a sheet of black paper. . Line up the 
glass so that the image of the sun reflects 
from the surface. Now look at the image 
of the suiri on the glass. Y ou will probably 
see two kinds of black lines. Some mn 
horizontally through the entire spectrum. 
These are to be ignored . They ^e caused 
by the uneveness of the razor blades in the 
tet. The vertical black lines are the ones 
that made Fraunhofer famous. The darkest 
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and clearest should be found in the yellow 
and in the area where green becomes blue. 
It took ;50 years for human minds to figure 
out what causecVthese black lines. 

The sun is a sphere .of hot gases sur- 
rounded by a layer of cooler gases. The 
surface of the sun, the part we can see, 
gives off the entire spectrum of light. We 
know that if we blotout the disc of the sun, 
we can see a layer that glows. This happens 
naturally during a solar eclipse. Figure V- 
20. This outer layer of gases is part of the 
sun’s atmosphere. It is cooler than the 
surface. If it was hotter than the sun’s 
surface, we would always see the atmos- 
phere, not just during an eclipse. The dif- 
ferent elements found in the cooler atmos- 
phere of the sun cause thb black lines in the 
solar spectrum by absorljing some of the 
colors radiated from the suh!s surface. 




For example, when sunlight falls on a 
picket fence, the fence slats absorb light 
from the sun. We say “the slats cast a 
shadow” (Figure V-21). In a way, the 
elements in the atmosphere of the sun act 
like the slats in the fence. They absorb 
li^t and make “shadows.” But there is 
something ver-' special about the shadows. 
When li^t strikes a wood slat, none of the 
visible light goes through the wood. But 
when the light of the sun passes through 
the solar atmosphere, the gases only stop 
certain re^ons of the spectrum, causing 
the black lines as in Figure V-1 9. 

Why are only certain colored lines 
stopped by the atmosphere of the sun? 
The answer has to do with the, nature of 
atoms and the arrangement of their protons, 
neutrons, and especially the electrons. We 
represent atoms with drawings like Figure 
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V-22. This is a model of the hydrogen at- 
om. The electron is in orbit around the 
proton in the nucleus. The electron remains 
the same distance from the nu cleus Just as 
Earth stays about the same distance from 
the sun. But what would happen to the 
size of Earth’s orbit if Earth received more 
energy? It would be larger. If an electron 
received energy, it moves away from tfe 
nucleus. If an electron loses energy , it 
moyes toward the nucleus. Electrons can 
gain or lose energy by absorbing or giving 
off light. 

In the experiments with the spectrom- 
eter, you observed the spectrum given off 
by heated salt. A bright yellow line was 
present. This line, which is really two 
lines close together, is caused by the elec- 
trons of the sodium atom losing^ energy 
and falling closer to the nucleus. The rea- 
son that sodium when heated has a different 
spectrum than any other substance is that 
no other atom has the same number of 
electrons in the same orbits as the sodium 
atom. So only the electrons of sodium can 
make the moves that give off this array of 
bright lines shown in Figure V-23. 

Use the same set-up that produced the 
bright yellow sodium line. Burn salt and 
observe the bright yellow line at about 
5900 A on your scale. Now place a 200 
watt light one or two feet be/z/nd your 
burning salt. This time when you look 




through your spectrometer wou may ob- 
serve a dark, line at 5900 A. 

This tiEffis the electrons are .absorbing 
energj^' from the li^t of the faulbj. Sodium 
electrons are gaining energy and moving 
away from the nucleus. This .sroiiion is the 
exact opposite of the fall-in ttiiat gave off 
the yellowli^it. It takes in, absorbs, tthe 
yellow lighft,, leaving black Irtuss. The bliack 
lines in sunlight that Fraunh^ner first 'no- 
ticed are cansed the saine \way . 

In 1859 Bunsen (he also iisiswented the 
burner) and Kirchhoff discovered; that each 
different element gives off its own special 
colors of a_ spectrum. No two substances 
have the same absorption. TBiey all have 
their own set of spectral “shadows.” Spec- 
tra are as good to identify elements as 
finger prinss are to identify people. They 
are all different. 

By studying the Frauninafe lines in 
sunlight, astronomers have foisnd 67 of the 
103 elements we find on EarCmon the sun. 
But the sun is not the only sitaHT with ab- 
sorption lines in its spectrum. We can use 
the same methods to obtain the chemical 
composition of all stars which yield a 
spectrum. 

We have seen that the only direct 
measurements we can make in space are 
those that describe the position, the bright- 
ness, and; the spectrum of a star. \x\. Shapes 
of Tomorrow of this series, you can see 
how we use these direct measurements to 
make indirect mea^iurements describing the 
distance to stars and their temperatures. 
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Figure V 23, A continuous spectrum at the top. 
A bright line spectrum of sodium below. The 
double line of the sodium atom falls in the yellow 
region at about 5,800 A wavelength. 
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TO THE FUTURE 
A Special Word for the Student 



Wait! Before we; close, let’s pick up and 
dusit ct^ the heart clock we so quickly and 
careless;iy discardeiS. And once more set it 
t^on tihe table next to the International 
Staaidards, which are so unbelieveably pre- 
cise they can calibrate our new measuring 
instruments. Look at it pulsating next to 
the ^eaitiing platinum meter so accurate 
that fit can measure the wavelength of the 
omn^-rsed line of Krypton 86, and next to 
the niiyaterious atomic clock whose vibra- 
ting crystals can measure time to the nano 
seconrd... ( ICT® ) seconds. Take another look 
at our heart clock that speeds up at times 
of stress and slows down during periods of 
rest. Ferhaps, in a way, it represents the 
energy, the work, and the minds of the men 
and women who created these very accurate 
instruments for measuring distances and 
times that we cannot ever hope to experi- 
ence or “feel.” 

Next time you sit in front of the tele- 
vision set and watch the launching of a 
space vehicle, just for a second think of 
our heart clock. As the back^ound voice 
calls out; 5, 4, 3, 2, 1 - Ignition - Lift 
off, “all systems go,” and finally “condi- 
tions nominal, we have another successful 
space flight.” Instead of thinking only 
about the flash of flame, the billowing 
clouds of smoke, and the arching beauty of 
the gleaming rocket soaring across the sky, 
give a thought to the people who have 
worked years to make this launch a success. 



Think of the project group wMch has 
worked for 2, 3, or more years in order to 
bring all the experiments and components 
together for this instant. 

We could also think of the experts of 
the world-wide tracking networks ready 
and waiting for the first “beep” of the 
signaling satellite. We may think of the 
stress engineer, who analyzed, reduced, and 
rebuilt each supporting structure to toler- 
ances only the computer could predict; the 
draftsman who designed; tiie engineer who 
tested; the mathematician who calculated; 
the machinist who drilled and ground; the 
optician who calibrated the lenses; and the 
secretary who filed and typed; these are 
the people who made this ill possible and 
whose hearts speed up a little at the ap- 
proach of the launch window. Listen 
catefuUy to the sounds of outer space, 
listen to the countdown of Freedom 7, and 
the launch of America’s first man to orbit 
Earth. In the midst of whirling com^iuiters, 
spinning tapes, and crackling intercoms, we 
hear and “feel” the quickening pulse of the 
human heart. 

Look up and see Echo, Tiros, Apollo, 
OGO, and many other space explorers as 
brilliant points in the starry field, announc- 
ing the achievements and hopes of the 
human mind. 

No, our International Heart Clock is not 
a worthless standard. It represents Man in 
the Space Age— now ending its first decade. 



The waterial as presented in this publication is representative of the judgments of the authors 
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A 

Absorption — The process in which incident 
electromagnetic radiation is retained by a 
substance. 

Absorption Lines — The pattern of dark 
spectral lines against the background of a 
bright continuous spectrum: produced by 
a cooler gas absorbing energy from a 
hotter source behind it. 

Altitude — The height of a position or 
object above sea level: (of a star) — the 
angle from the horizon to a star measured 
along a vertical circle. 

Anemometer — A weather instrument used 
to measure wind speed. 

Angle — The intersection of two lines with 
a common end point. 

Angstrom (A) — .i*. unit of length, used 
chiefly in expressing short wavelengths, 
10'® centimeters. 

Aphelion — That orbital point farthest 
from the sun when the sun is the center 
of attraction. That point nearest the sun 
is called “perihelion.” The aphelion of 
the earth is 1.520 x 10^® cm from the 
sun. 

Apogee — In an orbit about the earth, the 
point at which the satellite is farthest 
from the earth; the, highest altitude 
reached by a sounding rocket. 

Astronomical Unit (abbr AU) — In the 
astronomical system of measures, a unit 
of length usually defined as the distance 
from the Earth to the Sun, approximately 
92,900,000 statute miles or 14,960,000 
kilometers. It is more precisely defined 
as the unit of distance in terms of which, 
in Kepler’s Third Law, n^ a® = k^ ( 1 + m), 
the semimajor axis a of an elliptical orbit 
must be expressed iri; order that the nu- 
merical value of thC' Gaussian constant, 
k, may be exactly 0.01720209895 when 
the unit of time is the ephemeris day. 

In astronomical units, the mean dis- 
tance of the Earth from the Sun. calcu- 
lated from the observed mean motion n 
and adopted mass m is 1.00000003. 

Atmosphere — The envelope of air sur- 
rounding the earth; also the body of gases 
surrounding or coin prising any planet or 
other celestial body. 

Atom — The smallest particle of an element 
that exhibits thb properties of the ele- 
ment.';,' ' 



Atomic Clock — A precision clock that de- 
pends for its operation on an electrical 
oscillator (as a quartz crustal) regulated 
by the natural vibration frequencies of an 
atomic system (as a beam of cesium atoms 
or ammonia molecules). 

Axis — (pi. axes) 1 , A straight line about 
which a body rotates, or around which a 
plane figure may rotate to produce a 
solid; a line of symmetry. 2. One of a 
set of reference lines for certain systems 
of coordinates. 

B 

Babylonia — An ancient empire in SW 
Asia, in the lower Euphrates valley. The 
period of greatness, 2800 BC to 1750 
BC. 

Barometer — A common instrument used 
to measure the pressure exerted by the 
earth’s atmosphere. Includes the mercury 
and aneroid barometers. 

Brightness — A measure of the luminosity 
of a body. 

Bunsen, Robert Wilhelm — 1811 - 99. A 
German chemist. 

C 

Camera Angle — A major characteristic of a 
camera that limits the view of a particular 
camera by a predetermined setting. 

Celestial Equator — The great circle on the 
celestial sphere midway between the 
celestial poles. 

Clepsydra — A device for measuring time 
by the regulated flow of water or mercury 
through a small. opening. 

Compression — The half of a sound wave in 
which air or medium is compressed to 
greater than its normal density. 

'■ D ", 

Declination — The angular distance of an 
object north or south of the celestial 
equator and measured in degrees along 
the object’s hour circle. 

Degree — A unit on a suggested scale of 
measurement. Used to describe the 
measurement of temperature, time, dis- 
tance, and angles. 

Density — The mass of a substance per 
unit volume. 






Diffraction Grating — A metal or plastic 
plate containing ruled parallel lines used 
to bend or spread light waves after the 
light has passed through a narrow slit in 
an opaque body. 
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Eccentricity — The amount by which a 
figure deviates from a circular form, as an 
orbit. 

Echo-I — A large plastic balloon with a 
diameter of 1 00 feet launched on August 
12, 1960 by the United States and in- 
flated in orbit. It was launched as a pas- 
sive communications satellite, to reflect 
microwaves from a transmitter to a re- 
ceiver beyond the horizon. 

Ecliptic — The apparent annual path of the 
sun among the stars; the intersection of 
the plane of the earth’s orbit with the 
celestial sphere. 

This is great circle of the celestial 
sphere inclined at an angle of about 
23° 27' to the celestial equator. 

Electromagnetic Radiation — Energy prop- 
agated through space or through material 
media in the form of an advancing dis- 
turbance in electrical and magnetic fields 
existing in space or in the media. Also 
called simply “radiation.” 

Electron - The subatomic particle that 
possesses the smallest possible electric 
charge. - ■ \ ^ 

The term “electron” is usually reversed 
for the orbital particle whereas the term 
“beta particle” refers to a particle of the 
same electric charge inside the nucleus of 
the atom. 

Ellipse — A plane curve constituting, the 
locus of all points the sum of whose di^ 
tances from two fixed point called “foci” 
is constant; an elongated circle. 

The orbits of planets, satellites, plane- 
toids, and comets are ellipses; center of 
attraction is at one focus. 

Equinoxes — The two points on the celestial 
sphere where the celestial equator inter- 
sects with the ecliptic. 

Explorer A series of scientific satellites 
designed to explore outer space . 



F 

Foucault, Jean Bernard Leon — 1819-68, 
French Physicist. 

Fraunhofer, Joseph von — 1787 - 1826, 
German optician and physicist. 

Fraunhofer Lines - Dark lines crossing the 
continuous spectrum of the sun or simila.' 
source. The lines result from the absorp- 
tion of some wavelengths by layers of 
cooler gases. 

Freedom 7 — The first American manned 
space flight. Piloted by Alan B. Shepard 
on May 5, 1961. This suborbital mission 
lasted 1 9 minutes and reached an altitude 
of 1 1 6 miles. 

Frequency - The number of waves leaving 
or arriving at a position per unit of time. 
Friction — The force that resists the slidmg 
or motion of one object in contact with 
another. 

G 

Galileo - 1564 - 1642, Italian physicist and 
astronomer. 

Geiger Counter — An instrument for de- 
tecting and counting ionizmg particles, 
used to determine the degree of radio- 
activity. 

Gnomon - A vertical shaft or stick used 
for determining the altitude of the sun or 
the position of a place by noting the 
length of a shadow. Used as part of a 
sundial. .. 

Gravity — The force imparted by the earth 
to a mass bn, or close to the earth. 
Since the earth is rotating, the force ob- 
served ak gravity is the resultant of the 
force of gravitation and the centrifugal 

force arising from this rotation. 

Grid System — A system of lines used to 
determine dimension or direction by 
means of a scale. 

■■ H 

HaUey, Edmund - 1656 - 1742, British 
Astronomer, 

Hour Angle — The angle between the 
celestial meridian and the hour circle 
of a celestial object . 

Huygens; Christian — 1629 - 95, Dutch 
mathematician, physicist, and astronomer. 
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Hypothesis — An idea or guess proposed as 
an explanation for the occurrence of 
phenomena. 

I 

Inertia — The tendency of an object, as a 
result of its mass, to continue in motion 
at a constant speed or to remain at rest. 

J 

K 

Kilo — A prefix meaning “thousand” used 
in the metric or other scientific systems 
of measurement. 

Kirchoff, Gustav Robert — 1824 - 87, 
German physicist. 

L 

Latitude — The angle from earth’s equator 
to a point on Earth as measured along a 
terrestial meridian. 

Light Year — The distance light travels in 
one year at rate of 186,000 miles per 
second (300,000 kilometers per second). 
Equal to 5.9 x 10*® miles. 

Longitude — The angle between the Prime 
meridian and the terrestial meridian 
through a point on earth. : 

Luminosity — The brightness of a star or 
object as compared to a standard such as 
the sun. 

Lunar Eclipse — The partial or total obscura- 
tion of the sun’s light on the moon, 
caused by the passage of the earth be- 
tween the sun and moon. 

Mariner — The initial unmanned exploration 
of the planets/ is being conducted in the 
United Stmes under the Ma.tirier program. 
Mariner 2, launched August 26, 1962, 

/1'passed within 2 1 ,000 miles of Venus on 
December 14, 1962^ and radioed to earth 
information concerning the infrared and 
microwave emission of the planet, and the 
strensth of the planet’s magnetic field. 

On July 14, 1965, Mariner IV snapped 
the first close-up pictures ever taken of 
another planet as it sped by Mars at dis- 
tances ranging from 10,500 miles to 
7,400 mUes. Beside providing close-up 
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photographs of Mars and scientific data 
pertaining to the physical characteristics. 
Mariner IV confirmed the original finding 
of Mariner II relative to interplanetary 
space. Future flyby missions to both 
Venus and Mars are planned. 

Mass — The measure of the amount of 
matter in a body, thus its inertia. The 
weight of a body is the force with which 
it is attracted by the earth. 

Mega — A prefix meaning multiplied by 
one million as in “megacycles.” 

Meridian — A great circle which passes 
throu^ the zenith directly north and 
south. 

Micro — 1 . A prefix meanmg divided by 
one million. 2. A prefix meaning very 
small as in “micrometeorite.” 

Micrometeorite — A very small meteorite 
or meteoritic particle with a diameter in 
general less than a millimeter. 

N 

Nanosecond (Abbr nsec) — 1 0"® second. 
Also called “millimicrosecond.” 

NASA (Abbr) — National Aeronautics and 
Space Administration. 

Neutron — A subatomic particle with no 
electric charge, and with a mass slightly 
more than the mass of the proton. 

Protons and neutrons comprise atomic 
nuclei; and they are both classed as 
nucleons. 

Newton, Sir l^ac — 1642 - 1727, British 
scientist, mathematician, and philosopher. 

North Pole— - The point at which northern 
end of earth’s axis intersects the surface 

,";,'/of earth. 

Nucleus — The positively charged core of an 
atomi^with which is associated practically 
the whole mass of the atom but only a 
minute part of its volume. 

A nucleus is composed of one or more 
protons arid an approximately equal num- 
ber of neutron— 

O 

OGO — The Orbiting Geophysical Observa- 
tories are designed to broaden our knowl- 
edge of Earth and space and how the sun 
influences and affects both OGO is de- 
signed to carry about 20 diffe;rent experi- 





merits. The advantage of OGO is that it 
makes possible the observation of nu- 
merous phenomena simultaneously for 
prolonged periods of time. OGO I was 
launched September 4, 1964 and OGO II 
October 14, 1965. 

Orbit — 1 . The path of a body or particle 
under the influence of a gravitational 
or other force. For instance, the orbit 
of a celestial body is its path relative to 
another body around which it revolves. 
2. To go around the earth or other body 
in an orbit. 

Orbital Elements — A set of 7 parameters 
defining the orbit of a satellite. 



P 

Pendulum — An object suspended from a 
fixed point able to move back and forth 
by the action of gravity and momentum. 

Perigee — That orbital point nearest the 
earth when the earth is the center of 
attraction. 

That orbital point farthest from the 
earth is called “apogee.” Perigee and 
apogee are used by many writers in re- 
ferring to orbits of satellites, especially 
artificial satellites, around any planets or 
satellite, thus avoiding coinage of new 
terms for each planet and moon. 

Perihelion — That orbital point nearest the 
sun when the sun is the center of attrac- 

That orbital point farthest from the sun 
is called “aphelion.” The term “peri- 
helion” should not be confused with 
“parhelion,” a form of halo. 

Period — The interval neeiled to cbrhplete 
a cycle. Often used! in reference to time 
of complete orbit. : ^ 

Pico — A prefix meaning divided by one 
million million. 

Precession — Change in the direction of the 
axis of rotation of a spinning body, as a 
gyroscope, when acted upon by a torque. 

The direction of motion of the axis is 
such that it causes the direction of spin of 
the gyroscope to tend to coincide with 
that of the impressed torque. The hori- 
zontal component of precession is called 
“drift,” and the vertical component is 
called “topple.” 



Pressure (Abbr p) — As measured in a 
vacuum system, the quantity measured 
at a specified time by a so-called vacuum 
gage, whose sensing element is located in 
a cavity (gage tube) with an opening 
oriented in a specified direction at a 
specified point within the system assum- 
ing a specified calibration factor. 

Primary Body — The spatial body about 
which a satellite or other body orbits, 
or from which it is escaping, or towards 
which it is falling. 

The primary body of the moon is the 
earth; the primary body of the earth is 
the sun. 

Proton — A positively-charged subatomic 
particle having a mass slightly less than 
that of a neutron but about i847 times 
greater than that of an electron. Es- 
sentially, the proton is the nucleus of the 
hydrogen isotope IH^ (ordinary hydro- 
gen stripped of its orbital electron). Its 
electric charge (+4.8025 x 10"^° esu) is 
numerically equal, but opposite in sign, 
to that of the electron. 

Protons and neutrons comprise atomic 
nuclei; they are both classed as 
“nucleons.” 

Protractor — An instnrment, graduated in 
degrees of arc, for plotting or measuring 
angles. 

Proxima Centauri — A star in the constella- 
tion Centaur at a distance of about 4.3 
light years. 

Ptolemy, Claudius — 127 - 151 AD, Greek 
mathematician, astronomer, and geogra- 
pher.' 

^ : 
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Radiometer — A device used to measure 
some property ; of electromagnetic radia- 
tion. In the visible and ultraviolet regions 
of the spectmm, a photocell or photo- 
graphic plate may be thought of as a 
radiometer. In the infrared, solid state 
detectors such as photoconductors, lead 
sulfide cells and thermocouples are used, 
while in the radio and microwave regions, 
vacuum tube receivers, often with para- 
metric or maser preamplifiers, are the 
most sensitive detectors of electromag- 
netic radiation. 












Radiosonde — A balloon-bome instrument 
for the simultaneous measurement and 
transmission of meteorological data. 

Ranger — A program designed to send back 
to Earth a number of high-resolution 
pictures of the Moon’s surface, and to 
show features at least one-tenth to one- 
hundredth the size of features discernible 
from Earth. Ranger VII was successful 
on July 31, 1964. Ranger VIII was suc- 
cessful in meeting its objectives on Feb- 
ruary 20, 1965 and Ranger IX on March 
24, 1965. More than 1 7,000 high resolu- 
tion photographs were received from the 
three satellites. 

Rarefaction - The half of a sound wave in 
which the air or medium is expanded to 
less than its normal density. 

Refraction — The bending of a beam of 
light as it passes from one medium into 
another in which the index of refraction 
is different. 

Relative Humidity (Abbr rh) — The (dimen- 
sionless) ratio of the actual vapor pressure 
of the air to the saturation vapor pressure. 

Rendezvous — The event of two or more 
objects meeting at a preconceived time 
and place. 

A rendezvous would be involved, for 
example, in servicing or resupplying a 
a space station. 

Resolving Power — The ability of a tele- 
scope or lens system to separate ob- 
jects which are very close together. 

Resonance —1 . The phenomenon of ampli- 
fication of a free wave or oscillation of a 
system by a forced wave or oscillation of 
exactly equal period . The forced waye 
may arise frbrn an impressed force upon 
the system or from a boundary condition. 
The growth of the fesonaht amplitude is 
characteristically linear in time. 2. Of a 
systemin forced oscillation, the condition 
wlilch exists when any change, however 
small, in the frequency of excitation 
causes a decrease in the response of the 
system. 

Reticle — The crosses located on the grid 
system of the Ranger cameras. Used to 
determine distance and direction by scale. 

Revolution — Motion of a celestial body in 
its orbit; circular motion about an axis 
usually external to the body. 



In some contexts the terms “revolu- 
tion” and “rotation” are used inter- 
changeable; but with reference to the 
motions of a celestia. 3ody, “revolution” 
refers to the motion in an orbit or about 
an axis external to the body, while 
“rotation” refers to motion about an 
axis within the body. Thus, the earth 
revolves about the sun annually and ro- 
tates about its axis daily. 

Right Ascension — The angle as measured 
along the celestial equator from the 
vernal equinox eastward to the hour 
circle of the celestial object. 

Rotation - Turning of a body about an 
axis within the body, as the daily rota- 
tion of the earth. See Revolution. 

S 

Satellite — 1. An attendant body that re- 
volves about another body, the primary; 
especially in the solar system, a secondary 
body, or moon, that revolves about a 
planet. 2. A man-made object that 
revolves about a spatial body, such as an 
Explorer 1 or a TIROS satellite orbiting 
about the earth. 

Saturn - A family of launch vehicles de- 
veloped by the U.S. to ultimately place 
three men on the moon. 

Scale — A reduction or increase in size or 
dimension of an object in proportion 
resulting in a model. 

Sideral Day - The time or interval between 
two consecutive meridian crossings of a 
star. 

Solar Eclipse — The partial, total, or an- 
nular obscuration of the sun’s light on 
the earth by the passage of the moon- 
between earth and the sun. 

Solar Wind — A stream of protons con- 
stantly moving : outward from the sun. 
Synonymous with solar plasma. 

Solar System — The group of planets and 
their satellites, and other celestial objects 
which are under the gravitational in- 
fluence of the sun. 

Sounding Rocket — A rocket designed to 
explore the atmosphere within 4,Q00 
miles of the earth’s surface. 

Space - 1 . Specifically, the part of the 
universe lying outside the limits of the 
0&rth’s atmosphere. 2. More generally. 
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the volume in which all spatial bodies, 
including the earth, move. 

Spacecraft — Devices, manned or unmanned, 
which are designed to be placed into an 
orbit about the earth or into a t jectory 
to another celestial body. 

Spectrometer — An instrument which meas- 
ures some characteristics such as intensity, 
of electromagnetic radiation as a function 
of wavelength or frequency. 

Spectrum — 1. In physics, any series of 
energies arranged according to wavelength 
(or frequency); specifically, the series of 
images produced when a beam of radiant 
energy, such as sunlight, is dispersed by a 
prism or a refraction grating. 2. Short 
for “electromagnetic spectrum” or for 
any part of it used for a specific purpose 
as- the ‘radio spectrum’ (10 ki'tccycles to 
300,000 megacycles). 

Star Transit — The passage of a star across 
the celestial meridian. 

Sundial ~ An instrument for indicating the 
time of day from the position of a shadow 
cast by the sun. 

Surveyor — The United States program for 
the scientific exploration of the surface 
and subsurface of the moon. Surveyor 
was de yigmcd to soft land on the moon and 
explore tiid physical, chemical, and 
mineralogical properties at the landing; 
site. This information was relayed back 
to Earth by means of extremely high 
resolution photographs. These pictures 
revealed lunar particles a few centimeters 
in size. 

The Surveyor missions: 

Surveyor I June 1, 

1966 

Surveyor II September Unsuccessful 

20, 1966 

Surveyor III April 19, 

1967 

Surveyor IV July 1 6, Unsuccessful 

- 1967 

SuiVeyorV September 

10, 1967 

Surveyor VI November 

11.1967 

Surveyor VII January 

10. 1968 

The successful Surveyor missions have re- 
turned to Earth thousands of photographs 
of the lunar surface as well as classic 
photographs of Earth. 
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Telescope — An optical or radio instrument 
used to observe celestial objects. 

Temperature — A measure of the average 
energy of motion of the molecules of a 
substance. 

Thermometer — Any instrument used to 
measure the expansion and contraction 
of a substance due to changes in the mo- 
tion of molecules. 

TIROS (Television Infra Red Observation 
Satellite) — A series of United States 
meteorological satellites designed to ob- 
serve the cloud coverage of the earth and 
measure the heat radiation emitted by 
the earth in tiie infrared. 

Troposphere — That portion of the atmos- 
phere from the earth’s surface to the 
tropopause; that is, the lowest 10 to 20 
km of the atmosphere. The troposphere 
is characterized by decreasing temperature 
with height, appreciable vertical wind mo- 
tion, appreciable water vapor content, 
and weather. Dynamically, the tropo- 
sphere can be divided into the following 
layers: surface boundary layer, Ekman 

layer, and free atmosphere. 

U 

V 

Vanguard I. — Launched in 1958, analysis 
of the orbit this satellite revealed that 
Earth is not symmetrically oblate, but 
bulges in the southern hemisphere. 

Vernier Scale — A movable, graduated 
scale, used fpr the measuring of fractional 
units of the primary scale. 

Volume — The size or measure of space or 
matter in three dimensions. 

W 

'Wavelength — The distance from one point 
on a wave to the corresponding point on 
the next wave. 

Weight — The force with which an earth- 
bound body is attracted toward the earth. 
Weightlessness — A condition in which no 
acceleration, whether of gravity or other 
force, can be detected by an observer 
within the system in question. 



Any object falling freely in a vacuum is 
weightless, thus an unaccelerated satel- 
lite orbiting the earth is “weightless” al- 
though gravity affects its orbit. Weight- 
lessness can be produced within the 
atmosphere in aircraft flying a parabohc 
flight path. 



X 
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Z 

Zenith — That point on the celestial sphere 
vertically overhead. The point 180° from 
the zenith is called the “nadir.” 
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